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USS planers are given extra size and weight 
wherever will contribute stability, continuing 
accuracy, longer, trouble-free service. They are 
much heavier than any other planers similar 
larger models extra bonus factor when you 
buy BUSS. 


This just one more than features 
which assure the ability BUSS PLANERS 
turn out highest quality planing minimum cost. 
all means review these points comparison 
before deciding planer They are. 
bound disclose the fact that BUSS your 
best buy. 


Write for bulletins 
Consult your requirements 


MACHINE WORKS, INC. 
Subsidiary 
GREENLEE BROS. CO., Rockford, 


FC215B 


EIGHTH ST. 
HOLLAND, 
MICHIGAN 


ONE MORE THAN 


RUCTURAL SUPERIORITIES 
THAT MAKE BUSS PLANERS 
FAR YOUR BEST BUY! 


No. Single Surface, No. Single Surface, No. Double Sur- 


medium sized planer roll planer for first face, roll planer 
for first cutting and cutting and finishing for first cutting and 
finishing work. 


work. No. 66—6 roll. finishing work. 


“ens 
Heavy for MODELS 


Surfacer for planing and 
planing rough lumber. very thin ma- 
erials. 
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FOREST PRODUCTS JOURNAL 


No. January, 1960 
CONTENTS 
MACHINING Page 
Ponderosa Pine and Douglas-Fir—Effect Growth Rate and 
Shows relationship between properties and smoothness cut. 
Tests Cutting Action Chain-Saw Teeth ...... Oehrli 


Permits rating the efficiency cutters for design comparisons. 


WOOD DRYING 


‘ollapse Wood: Exploratory Experiments its Prevention 


Collapse was reduced replacing water with organic liquids. 
MODIFIED WOODS 
Resistance and Stability Five Modified Woods ........ 


Hydroxyl groups are blocked; result: good decay resistance. 


QUALITY CONTROL 
Application Shewart Charts Wood Working 
Authors present ideas the problems that will encountered. 


GLUES AND GLUING 


The Technology Involved Using Elastomeric Adhesives ....C. Hemming 
Four basic types elastomeric adhesives are use. 
Exterior Gluing Low-Grade Douglas-Fir Veneer .......... Raymond 


Effect knotholes, pitch streaks, splits, and veneer roughness. 


FIRE RETARDANTS 


Flame-Spread Measurements the Radiant Panel Flame-Spread Method .... 


Their use evaluations fire-retardant coatings for wood. 
CHARCOAL 
Charcoal Kiln Operation for Improved Timber Stands 
Presents complete cost breakdown for kiln operation. 
PLYWOOD 
Means for Reducing the Checking Douglas-Fir Plywood ............... 
Method eliminating checking stress-relieving the face veneers. 
PROPERTIES 
Investigations the Russel Effect Woods ........... Nambiayar 


Proves the Russel effect purely chemical phenomenon. 


LAKE STATES RESOURCES 


Opportunity for New Wood Industries: The Lake States Forest Resouree 
Intensive management would give base for billion industry. 
DEPARTMENTS 


Abstracting the Literature 


published monthly the Forest Prod- 
ucts Research Society, 417 North Walnut 
Street, Madison Wisconsin. Second-class 
postage paid Madison, Wisconsin. 


Annual subscription rate, $15.00; single 
copies $1.00, except October Yearbook 
Number, $4.00. Annual subscription rate 
$11.25 with voting, associate, and sup- 
porting memberships the Society. Re- 
mittances should made payable the 
Forest Products Research Society. 


Editor 
John McDonald, Madison, Wis. 
International Editor 
Wellwood 
President 
President-Elect 
Berry, Burney, Calif 
Vice President 
Saunders, Westbrook, Maine 
Past President 
Eason, Memphis, Tenn. 
Executive Secretary 
Frank Rovsek, Madison, Wis. 


Correspondence editorial matters 
should addressed the Editor, the 
Executive Office. The Society not 
responsible for views expressed pub- 
lications. 
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THE FOREST PRODUCTS JOURNAL 


What are 


YOUR 
problems? 


Too many rejects because in- 
effective quality control? 


Not enough production per man 
hour? 


Too much raw material used? 
Too much machine down-time? 


Not enough records pin down 
where and when trouble occurs? 


Not enough time staff de- 
velop ideas? 


Control systems not 
your plant? 


AUTOMATIC CONTROL 
INDUSTRIAL 
PROCESSES 


Working with your engineers and 
staff, can analyze production and 
operating problems, and produce 
package meet your needs exactly. 
can design and fabricate systems 
your plans and specifications. 


CONTROL SYSTEMS AND AUTOMATIC 


CONTROL DEVICES, USING: 
Electric Electronic 
Hydraulic Pneumatic 


COMPONENTS 


PACKAGED ITEMS USE THE 
FOREST PRODUCTS INDUSTRY: 


Veneer Clipper Controls 

Resaw Feedworks Positioners 
Lathe, Tray and Tipple Drives 
Conveyor Interlocking Panels 


Drive Speed Synchronizers 


Control systems engineered and 
manufactured by: 


and 
communications co. 


Box 3007 


Eugene, Oregon 
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Specialized Team 


Stage 


National Meeting 


Theme June Montreal 
Meeting “The General Public’s 
Stake Forest Products 
Nineteen Technical 
Sessions Scheduled Date. 


MONTREAL—Convening late 1959 
the new Queen Elizabeth hotel, which 
headquarters for FPRS 14th Annual 
Meeting, June General Chairman Don 
Saunders, Westbrook, Me., Meeting 
Chairman, LeSage, Timber Struc- 
tures, and Bob Chairman the 
host Eastern Canadian Section, announced 
committees for the event. 

keeping with the trend conducting 
the Annual Meetings, large and special- 
ized drawn educa- 
tion and government organizations has been 
selected stage the meeting which ex- 
pected attract more than 600 registrants 
from Canada, the U.S. and abroad. 


Technical Sessions 


The FPRS meetings its 
technical sessions. This year 
gram planning under the direction 
the President-Elect, Raymond 
Berry California. this date all 
the Society subject matter divisions 
plan one more technical sessions each, 
totaling all. “General” opening 
session also planned, highlighted 
the second annual 
honoring distinguished scien- 
tist the field wood research. The 
Lecture sponsored the Midwest Sec- 
tion. Details individual papers and au- 
thors will announced starting the 
February News-Digest. 


“Paris America” 


Aside from the main technical program 
which will geared the interests 
all segments the forest products in- 
dustry, much attention will paid 
giving visitors true 
welcome the city often referred 
the America.’ The numerous 
Social functions will under the direc- 
tion Louis Roy, Reichhold Chemicals 
Canada, ably assisted Host Hour 
Committee, Geoff Billington and Bob 
Paul Bunyan committee, Ken 


Elvidge, Vilas Furniture Co., Good- 
fellow, Weldwood Plywood, and Bob 
Gill, Peter Cooper Corp.; Decorations 


and Favors, Dyas, Dominion Tar 
Chemical Co. 
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Plant Tours 


The plant tour committee, handled 
Robitaille, Forano Ltd. and Yvon Pare, 
Montreal, studying number pos- 
sible tours within radius miles 
Montreal. Under study are: the Research 
Labs Montreal and McGill Univer- 
sities; Wood Treating, Glulam, Furni- 
ture, Veneer, Pulp Paper and Plastic 
plants; and several machinery manufac- 
turing plants. 


Other Committees 


The business the meeting—finance, 
Holmes, Telephone Co. assisted 
and Bushell. Meeting operations— 


rooms, visual aids, food service—is under 
the direction Scott, assisted 
Chaput. Publicity chairman Don Lock- 
hart Timber Canada. Personnel re- 
and Hospitality Maxwell. 


Arkansas Forestry Queen 
Honorary FPRS Member 


behalf the entire Society, Harry 
Russell, Russell Dry Kiln Company, 
Fordyce, Arkansas, presented honrary stu- 
dent membership Number 7500 Miss 
Claudette Smith, first Forestry Queen 
Arkansas, and one three the entire 
Nation. Mr. Russell, Arkansas Member- 
ship Chairman for FPRS, extended the 
Smith and her school, Monticello 


Important FPRS Dates 


February 1960: Northwestern Section 
Meeting, Bellingham, Wash. 
February 19, 1960: Rocky Mountain Section 
Meeting, Fort Collins, Colorado. 
April 13, 1960: Inland Empire 
Meeting. 
June 1960: Fourteenth Nationa! 
ing, Montreal, Canada. 


Fifth World Forestry Congress 
Seattle, Wash, Aug. 


University Washington will 
scene the Fifth World Forestry Con 
gress, hosted this year the 
the Food and Agriculture Organizatior 
the United Nations and other agencies 

This the first Congress held 
the Western Hemisphere, previous one: 
having been held Rome, Budapest, Hel 
sinki, and Dehra Dun. 

Purpose the Congress advance 
the science forestry and forest prod 
ucts technology providing 

The Congress open any person 
interested forestry, conservation, 
forest industries. individual invitation 
needed. For further information write: 
Dr. Haig, Executive Secretary, Fifth 
World Forestry Congress, Department 
State, Washington 25, 


Lumbermen’s Short Course Set 


The 10th annual Lumbermen’s Short 
Course will held the University 
Minnesota, February 8-19. The course 
designed especially for lumber dealers, 
yard employees and others interested 
the building supply industry. Program 
chairman Rees, professor the 
University’s School Forestry. Instruc- 
tors will experienced industry men and 
University Minnesota staff members. 
Four general areas will covered: Con- 
struction and estimating—blueprint read- 
ing, building cost estimating, farm struc- 
tures, home remodeling, 
ventilation; Products—lumber properties, 
insulation, wood preservation; Business 
—advertising, salesmanship, installment 
selling, business law, business letters, ac- 
counting statement analysis, credits and 
collections, public speaking; 
FHA regulations, lumber yard manage- 
ment, lumber handling and storage. The 
course jointly sponsored the School 
Forestry and Agricultural Short 
Courses office the University’s Institute 
Agriculture, the clubs, Mid- 
west Lumber Dealers’ association and 
Northwestern association. 


Wood Industries Conference 
Proceedings Available 


limited supply the proceedings 


the Wood Industries Conference held last 
September Portland are available. The 
Conference, which was held under joint 
the FPRS, AIWE, and 
ASME, covered seven technical sessions 
and included more than informative 
papers. Copies are available $3.00 each. 
Direct your inquiries 
Corp., Camas, Wash. 
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USFPL Has New Film 
“At Home With 


Madison, 
tific study wood utilization carried 
the Forest Products Laboratory 
tured new film, “At Home 
Wood,” recently produced color the 
Forest Service, Department Agri- 
culture. 

The film shows the layman how research 
work conducted the Laboratory leads 
new and improved uses for wood and wood 
available all interested groups free 
rental basis merely contacting the Re- 
gional Forester, the Forest 
gional office nearest you, the Director, 
Forest Products Laboratory, 
Wis. 


12th Annual Meeting Western 
Dry Kiln Clubs 


Technical representatives, 
supervisors and company man- 
agers the Western Lumber Industry 
will convene Missoula, June 23rd and 
24th for the 12th Annual Meeting the 
Western Dry Kiln Clubs. Host the 
annual convention will the Washing- 
Seasoning 
Club. President Phillip Lantzy, the 
Lincoln Lumber Company, said the meet- 
technical program will include re- 
the individual clubs 
and lumber seasoning experts from 
other organizations. Field trips through 
segments Missoula’s Lumber 
Industry have been planned for the dele- 
For additional information, con- 
Anaconda Co. Lumber Department, Bon- 
ner, Montana. 


Cabinet Woods Booklet 


The Fine Hardwoods Association, 666 
Lake Shore Drive, Chicago, has issued 
booklet entitled Most Frequently 
uide the retail salesman, and (2) 
uide selecting furniture 
anelling for the homemaker. 


PRODUCTS 


Technical sessions the Southeastern meeting covered Pulp and 
Paper, Finishes and Plywood, and Residue Utilization. 


Harrar. 


1958 Lumber Exports Down from 1957 


Lumber exports from the United States 
1958 totaled 728.2 million board feet, 
decline about percent from shipments 
811.4 million board feet 1957, the 
Forest Products Division, U.S. Department 
Commerce, has reported. The decline was 
largely softwood shipments, which rep- 
resented nearly percent total lumber 
exports. Only 540.4 million board feet 
softwood lumber was exported 1958, 
compared with 614.5 million feet 1957. 
Hardwood lumber exports showed 
change 1958, amounting 98.3 million 
board feet, compared with 98.4 million feet 
1957. Railroad crossties dropped below 
the 1957 level. Hardwood flooring exports 
continued upward trend, rising 26.1 
million board feet, increase 37.2 per- 
cent above 1957. 

Only Canada, West Germany, Venzuela, 
and Italy increased their purchases 1958. 
Shipments Canada increased percent 
and represented percent total U.S. 
lumber exports. Exports other countries 
decreased sharply. Decreases occurred 
shipments Australia, Korea, the Union 
South Africa, Japan, the K., and 
Cuba. “United States 
for sale the U.S. Government 
Printing Office, Washington 25, 
Price cents. 


Performance Guarantee for Particle Board 


Silvatek Division Weyerhaeuser Com- 
pany has announced guar- 
antee and grade marking program its 
Versabord particle board 
ment. Each panel going out the trade 
now carriers the Versabord 
A-A face label, circular design, indicat- 
ing “A” grade face both sides. The grade 
marking reflects the research 
quality control system that assures manufac- 
ture Versabord close tolerances for 
every factor that important the user 
for floor underlayment, raw material, 
moisture content, wood size, 
quality and mix ingredients, and exact 
times the manufacturing process. Final 
sanding assures caliper tolerance 
minus .010 inch. 


JOURNAL 


Banquet guests included Past Chairman William Belvin, Mrs. Belvin, 
Chairman Ralph Peter, Mrs. Peter, Mrs. Harrar, and FPRS President 


Elections and Nominations 


Three FPRS Sections have announced 
elections new officers late and 
another has announced slate candi- 
dates for Spring. 

New Southeastern Section for 
1960 are: Chairman, Ralph Peter, 
Forest Service, Athens, Ga., Vice Chair- 
man, Holekamp, American Pulp- 
wood Assoc., Sylacauga, Ala., Sec.-Treas., 
John Hamilton, Georgia, Athens, 
and Trustees, Campbell, USFS, and 
Soderhamn Machine 
Co., Talledega, Ala. 

New Pacific are: 
Chairman, Olaf Anderson, Weber Show- 
case Fixture Co., Vice Chmn., 
Curtis Hay, Sec.-Treas., Joe Miller, 
Reichhold Chemicals Co., Azusa, and 
Trustees, Bill Ripley, Fred Card and 
Smith. 

New Upper Mississippi Valley 
are: Chmn., Wayne Meek, 
Paper, V.Chmn., 
Leonard Ropella, Roddis Plywood, Marsh- 
field, Secy., Steve Wise, Wood Conver- 
sion Co., Cloquet, Minn.; Treas., Richard 
Marden, Lake States Forest Exp. Sta., 
Wausau, Wis.; and Trustee, Gra- 
num, Iron Range Commission, 
Minn. 


Nominees for the Northwest 
Section, 1960, are: Chmn., Fran- 
cis, Simpson Logging Co., Shelton, Wash; 
Clarke, Pacific N.W 
Range Exp. Sta., Portland; Secy., Don 
Burnet, Crown-Zellerbach Corp. 
Snodgrass, Oregon Forest Research Cen- 
ter; Petterson, St. Paul 
Tacoma Div. St. Regis Paper, 
Young, 
Paper Co.; Trustee, Rankin, 
Chemical Co. 
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Southeastern Section Meeting Attracts Daytona Beach 
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Control 


new, all-purpose Elec- 
tronic Setworks, model M3LC, offered 
the Sel-Set Machinery Corp., Ore. 
designed for all mills, regardless 
control console provides greater accuracy for 
infinite settings. Floor space that 
former models. 


Publishes Insulation Booklet 


How building insulation works, why 
used, and where should used are 
the subjects covered the 1959 edition 
prepared the Insulation Board Insti- 
tute, Chicago, Illinois. 

The 44-page booklet especially 
compiled aid architects, engineers, stu- 
dents, builders, and personnel about 
enter the lumber business; instructors 
schools and colleges offering building 
materials courses, and other persons en- 
gaged the construction industry. Copies 
may obtained writing Charles 
Gray, Manager, Robert LaCrosse. 
Technical Director, Insulation Board In- 
stitute, 111 West Washington Street, Chi- 
cago 


Automatic Hydraulic Slab Saw 


New Slab Saw said double mill out- 
put and release one two slabsawmen 
other work. Patents are pending several 
features that give ability outperform 
any conventional saw now use, accord- 
ing the manufacturer, Cornell Manufac- 
turing 
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New Wood Preserving Machine 


Ever since pressure treating wood was 
first developed, retort plants were assem- 
bled location. This took considerable 
time and placed burden the customer 
terms installation costs, negotiation, 
and completion. Now, Osmose Wood Pre- 
machine, complete one unit, com- 
mon frame, lumber. 
The new machine, named the “Wizard,” 
measures wide 55’ long, approxi- 
mately one-third the size the old type 
plant. operate, completely pre-wired 


and pre-fitted. All the customer 
forehand are footings, water line, and elec- 
trical connection. The 
set three hours. 


The treatment the lumber the same 
Osmose treatment that has been used for 
years. Its advantage that enables 
dealers produce pressure-treated lumber. 
even though yard space limited. 

The storage-mixing tank holds 4,000 gal- 
lons Osmosalts solution. The retort 
42’ long and 48” diameter, 125 pounds 
working pressure. Capacity 5,000 Bd. Ft. 
dressed lumber per charge. 


DOL BER KBGK SHAPING Of 
MACHINE 


Kval Door-Sizing Machine 


width sizing machine, Model 550 SB, 
generally used for sizing doors after they 
come from the press, has been developed 
Kvalheim Machinery Company, 
Box 77, Calif. can com- 
bined with Kval trim saw size doors 
automatically for width and length the 
rate 250 per hour. Cutter heads remove 
the bulk the excess width and bring the 
doors down ‘ze. Side edges are sanded 
smooth and then the sharp corners the 
length the doors are removed. 


New Mortising Machine 

new multiple spindle mortising ma- 
chine has been announced the 
Porter Machinery Co., 522 Plymouth Rd., 
N.E., Grand Rapids, Mich. Originally de- 
veloped for use conjunction with their 
Louver Door Assembly Machine, the new 
machine simultaneously mortises door rails 
which are gravity fed from each side 
the machine, After manual loading the 
air-operated hopper feeds, operation 
completely automatic. Production these 
rails exceeds 200 pair hour. The pitch 
mortise cut adjustable from zero 45°. 


Pre-Surface Roller Coater 

Roto Finishing Systems Co., 
Calif., have introduced the prototype 
roll coater which 
they say has not been available the in- 
dustry until now, and cost only slightly 
above that conventional roll The 
new model may used for difficult filling 
operations conventional roll coater, 
and may moved about (on casters) 
fit into the finishing line needed. 
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New Mattison Jointer and Set-Up Stand 


Mattison Machine Works, Rockford, 
announces new No. 238 Jointer and Set- 
Stand designed provide extreme ac- 
curacy for producting first class cutterhead 
conditioning. The spindle mounted 
ball bearing. Precision 
mounting eleminates end play and vibration, 
making pattern tracking and jointing sim- 
fast and accurate. The rugged jointing 
carriage, stone holder and pattern clamp 
are mounted large dovetail ways ex- 
tending the full length machine. Stone 
holder adjusted handwheel and can 
locked any desired position. The machine 
equipped with template holder 
ing pin for jointing formed knives, posi- 
tive smooth acting spindle brake, reversing 
drum switch and safety cover over 
button. 
swing 12”. 


— 
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New Ecco Wide Arm Rip Saw 


straight line, glue joint rip saw, the 
Model has been introduced Ekstrom, 
Carlson Co., Rockford, has two 
hains, one for each side the blade, giv- 
most positive control since they grip 
both sides the blade. The saw uses 
mple adjustment for straight hollow 
itting without putting stress the stock. 

number new safety feaures are incor- 


New Nylund Belt Sander 


Columbia Laminating Co., Portland, Ore., 
has recently installed new Nylund Belt 
Sander with patented smoothing bar that 
allows the operator the choice 
desired and free sniping revolution 
marks. The Nylund Belt Sander provides 
mills with fast, efficient sanding, assured 
accuracy and improved quality. Sanding 
tolerance held plus/minus re- 
gardless surface type wood. Just 
minutes are required cutting and 
polishing operations, with fast cutting and 
smoothing accomplished the same belt 
single pass through the machine. Either 
paper-back cloth belts may used. 

The new sander distributed Elford 
Plywood Machinery, 2024 Argyle, 
Portland 17, Ore. 


Edgers Save Shifting Time 


savings per cent shifting 
time claimed for the 
Edgers, manufactured Mater Machine 
Works, Inc., Corvallis, Oregon. The edger 
provides for free-floating mounting 
the shifting levers. Each lever mounted 
two, internally housed parallel, con- 
stantly rotating shafts; making for finger- 
tip easy shifting. Rotating shafts are pre- 
cision mounted seated 
roller bearings. The shifter bracket 
firmly supported steel bar 
welded between the edger side frames 
which prevents chatter and movement. 

Other features the Mater “Easy 
Edger are: direct drive outside feed 
rolls, integrally mounted anti kick back 
fingers, and low maintenance features. 
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Improved Router Bits 


Crescent Cutter Co., 232 Belleville Tpk., 
Kearny, J., advanced de- 
sign carbide tipped router bits, said 
fabricated with ultra-hardened high speed 
steel shanks providing maximum stiffness 
and fatigue resistance prevent breakage. 
The larger included angle overall 
stronger cutting edges reportedly stop vibra- 
tion and allow accurate cutting. 


New Shadow Marker 


new method marking shadow lines 
all four sides any desired square 
rectangle has been 
Carter Products Company, Inc., Grand 
Rapids, Michigan. use for the first 
time Roddis Plywood Corporation, the 
new light arrangement permits rapid, 
waste-free lay-up glued sheets ready 
for pressing. battery four lights, 
each projecting single black line, 
used mark all four sides the work 
each sheet under the markings elimin- 
ate all possibility short cross bands 
centers. Prices and full information are 
available from Carter Products Company, 
Inc., Grand Rapids Michigan. 
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Easy Load, Easy Unload Lumber Car 


freight car new design for 
shipment lumber has been devel- 
oped the Southern Railway System, 
Washington, Direct side loading 
unloading with fork-lift trucks 
lumber ranging feet length 
practical. 

Here the car shown with side 
stakes dropped into slots the 


floor and with doorway center post 
lowered permit full-length loading 
car. Movable bulkheads have been 
set against ends the car. Either side 
can opened. 

The car, loaded with lumber, here 
shown with movable aluminum side 
stakes, bulkheads and center posts 
position. 

Side stakes can lowered permit 
unloading car with fork-lift truck. 

Sectional doors are raised position 


under car roof for loading and un- 
loading. Lumber fully protected 
from during shipment. Each 
the four doors fitted with lock 
that includes provision for car seal. 


6-A 


New Three-Wheel Fork-Lift Truck 


new fork-lift truck with three wheels 
and power lift and carry nine average 
American cars has been announced 
LeTourneau, Inc. 

Forks the machine are feet long, 
and they can hoist feet above the ground. 
grip the load. For. additional information 
write LeTourneau Inc., 2399 South 
MacArthur, Longview, Texas. 


New Oscillating Belt Grinder 


abrasive belt the new TRI-MATIC Os- 
cillating Abrasive Belt Machine, recently 
introduced Sales Service Mfg. Co., 
2363 University Ave., St. Paul, 

The unique oscillating movement 
the abrasive belt controlled through 
positive steering without stretching the 
belt. The problem belt tracking 
completely eliminated and belts 
changed less than minutes. 


Northeast Ohio Machine Builders Bul- 
letin No. 1059 describes automatic screw 
block carriages, hydraulic shotgun feeds, 
clutch feeds, resaws, bandmills, edgers, 
circular and bandsawmill auxiliary equip- 
ment. Diagrams and specifications give 
the reader the whole picture each ma- 
chine, such feed speeds, operating pres- 
sures, horsepower, motor speeds and 
other important data. For copy Bul- 
letin No. 1059, write Sales Manager, 
Northeast Ohio Machine Builders, Inc., 
Box 367, Columbiana, Ohio. 


Booklet Joist Hangers 


expansion its joist hanger line, 
Timber Engineering Company 
nounced the availability 
joist and beam hangers for 3x6 3x14 and 
4x6 4x14 wood members. Included are 
hangers for double 2x6 double 2x14 
members which also fit dressed sizes four 
inch glued laminated members. Prior this 
were available only for 2x6 
2x14 members. Available either 
gauge galvanized sheet steel, the new 
larger capacity are manufac- 
tured two basic sizes: type for 6”, 
and 10” depth members and type 
for 10”, 12” and 14” depth members. 
four page booklet available through 
Timber Engineering Company, 


Flakeboard Brochure 


descriptive brochure Versaflake, 
Silvatek 
board product applied the furniture in- 
dustry, has been issued. Strength, thickness, 
uniformity, controlled density, excellent 
workability, grainless surface 
panel size Versaflake are described. 
Samples Versaflake are included. Write 
Silvatek Division, Weyerhaeuser Company, 
Tamoca Washington. 


Epoxy-Resin Bulletin 


150 Resorcinol Diglycidyl Ether 
has been issued the Research Department 
Koppers, Company, Inc., Pittsburgh 19, 
Pa. introduces Koppers 
based resin, available development quan- 
tities for customer KOPOXITE 
159 versatile liquid epoxy resin com- 
ether. Two epoxy groups 
matic molecule, offers the highest epoxy 
concentration available aromatic die- 
poxide. 

The inherent low viscosity and the high 
order reactivity with both amine and 
acid anhydride curing systems, permitting 
wide selection curing conditions, 
particular advantages for many applications. 
Used adhesive formulations, will bond 
with almost any material presenting polar 
porous surface. 


Data 1000 Products 


36-page product catalog offered 
Borden Chemical Company. 
tions, end-uses, and other technical data for 
more than 1000 products manufactured 
the company. Also lists the company’s sales 
and service centers throughout the world. 
Write Borden Chemical Company, 350 
Madison Avenue, New York 17, New 
York. 


The Hardwood Plywood 
prepared directory that being made 
available charge every purchaser 
hardwood plywood the United 
States and Canada. The booklet “Where 
Buy” includes the name and address 
and phone number every member 
the Institute with information their 
annual capacity square feet (on 
basis), the size plywood they prefer 
manufacture and the 
produced. 
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Single Copies the Following Reports 
Available Free Upon Request from the 
U.S. Forest Products Laboratory, 
adison 


Information the durability sand- 
eated paper honeycomb core after nat- 
ral and accelerated exposure the vari- 
weathering conditions presented 
No, 2158, “Durability Resin- 
Paper Honeycomb Core.” 
“Yield and Value Finished Lumber 
Western White Pine Trees and 
Report No. 2163, contains data 
the effect that inherent characteristics 
tne logs, trees, timber stand, and logging 
ractices had the yield and quality 
nished lumber obtained timber 
harvested northern Idaho. 

“Some Physical and Mechanical Prop- 
erties Noble Report No. 2168, 
describes the more important characteris- 
tics noble fir and provides data that 
can reliably used for comparison with 
other species. 

The results research involving the 
use certain western hardwoods for pulp 
the production corrugating board 
are presented Report No. 2162, 
tinuous Cold Soda Pulping West 
Coast Red Alder, Tanoak, Madrone, and 
Bigleaf Maple.” 

The steps required for finishing new 
and old floors are contained 
ing and Maintaining Wood Floors,” Re- 
port No. 2169. Report No. 
1766-15, describes some the charac- 
teristics tanoak affecting its use for 
the production veneer and plywood. 
“Engineering Calculations for the Distil- 
lation the Furfural-Water System,” 
Report No. 2070, presents data that ex- 
tend pressures for the furfural-water sys- 
tem about atmospheres, and include 
analysis the distillation system 
furfural water from economic and en- 
gineering viewpoint. Recent information 
wood preservatives, methods treat- 
ing posts, and service-life expectancy 
treated and untreated posts has been in- 
corporated into the revised progress re- 
port entitled, Records Treated 
and Untreated Fence Posts,” Report No. 
2005. 


Research News from Forest 
Products Labs Canada 


New Lumber-Seasoning Course 
The 
since 1948, will 
held the Ottawa Laboratory the For- 
est Products Laboratories Canada dur- 
ing the five-day period beginning Feb- 
ruary 29, 1960. 

The course will include such topics 
and kiln-drying, kiln design, drying 
schedules, instruments, seasoning defects, 
ind operating techniques. 

should addressed the Superinten- 


dent, Ottawa Laboratory, Forest Products 
Laboratories Canada, Montreal Road, 
Ottawa. charge made for these 
courses. 


Wood Extractives and Dimensional 
Stabilization 


the search for new types chem- 
ical stabilizing agents, research being car- 
ried out the Vancouver Laboratory 
wood extractives may 
leads. Certain woods have greater de- 
gree dimensional stability than others 
due their high extractive content. The 
extractives act bulking agents and oc- 
cupy sites the wood structure that 
would otherwise take moisture. De- 
tailed studies these extractives should 
provide better understanding wood 
stabilization and perhaps disclose new 
stabilizing agents. 


Industrial Development Sonic 
Blister Detector 


Last year, the Ottawa Laboratory de- 
veloped sonic device for detecting de- 
fective glue bonds plywood 
multilayer materials. Tests 
been made with the device Doug- 
las-fir plywood plant, and the results have 
confirmed that high degree 
tivity obtained spite high level 
plant noise. portable version the 
device has since been developed and pa- 
tents have been applied for Canada 
and other countries. license manu- 
facture commercial flaw detectors has 
been granted Argus Engineering and 
Development Ltd., 8638 Ash Street, Van- 
couver 14, B.C. This firm now produc- 
ing the portable model. 


The Bolter 


Technical Note No. 10, Short- 
Log Bolter—Its Use Conversion 
Canadian which available 
request, gives the results studies con- 
ducted number mills Quebec, 
well data obtained the FPLC Re- 
search Sawmill Ottawa. The bolter 
used the manufacture square stock 
and flat dimension stock. Apart from 
bolter, the report shows that logi- 
cally more economical manufacture 
stock approximate size prior trans- 
portation, kiln-drying, and 
mediate manufacturing. 


1960 Outlook for Lumber 


NLMA President Thomas McHugh 
predicts that 1960 will 
for lumber and business generally. 
estimates that total new construction 
outlays will reach 
pared with $54 billion 1959. Home 
building will start out 
pace” because tight mortgage money 
reason for lumbermen optimistic 
about the next months because the 
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high degree unity being shown the 
industry and the prospects great new 
markets. 


—NLMA Lumber Letter 


Furniture Outlook. U.S. shipments 
furniture will break all records, surpas 
ing the previous peak year 
1959. Shipments 1959 are expected 
14% from 1958. 


Housing. Private starts for 1959 will 
141,500 1958. For many experts 
predict decline between 1.1 and 1.2 
million units. 


National Homes, largest U.S. manufac- 
turer factory-built houses, and nation’s 
biggest non-government lumber user, 
1958 consumed total million feet. 
The company, with factories coast 
coast, will produce 42,000 homes 1959 
—about 30% total prefab output, and 
one every houses built U.S.! 
1975 expects produce one-half all 
new homes built. Two-thirds its 1960 
output will utilize aluminum siding, in- 
troduced but recently! 


Grade-Marking Requirements: FHA 
has issued clarification the require- 
ment that all board and framing lumber 
used FHA-approved home construction 
must effective next 
April The clarification explains that the 
grade-marking requirement will extend 
all framing lumber used joists, gird- 
ers and beams, rafters, wall framing, 
plank subfloors and roof decks. addi- 
tion, the requirement applies all board 
lumber used for subflooring and roof and 
wall sheathing. Indications are that the 
Veterans Administration will 
ilar grade-marking. 


New Finishing Plant 
Double Capacity 


Doland Company, Inc., 1830 
Laramie Ave., Chicago, manufac- 
turers industrial finishes, have started 
construction new fire-proof plant 
complete with underground tanks and 
automatic pumps. The new 
double the capacity the present plant 
and permit increased production 
quers, sealers, stains, and other industrial 
finishes, according Fernan, Sales 
Manager. 


Profits. For first months the 
net profit rate for lumber and wood 
products averaged sales, nearly 
twice the rate but still below 
for nonferrous metals and 9.1% for stone, 
clay, glass. 


Flooring Development. 
tongue-and-groove joint for one one- 
eighth inch fir plywood subflooring, said 
eliminate need for 
panel edges and reduce number 
ing members, System should save man- 
hours per 1,000 sq. ft. floor 
pared with conventional 
struction. 
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NEW MEMBERS MONTH DECEMBER 


Section Officers Please Take Note. are 
going publish each month all the 
NEW Transferred-into-the-Section Mem- 
bers. Please adjust your records, and gear 
the most concerted New Membership 
Activity FPRS history! 


A. M. Camarano, 7510 V, 2819 Ivydale St., 
Wheaton, Maryland. 

Murray Carroll, 7535 Street, 
Seattle 88, Wash. 

Jarrett, 7523 Cardwell Machine 
P. O. Box 1359, Richmond 11, Virginia. 
Darrall Pierson, 5632 1339—20th Ave., 

Longview, Wash. 
Carl Rishell, pn, 6216 Wagner Lane, 
Washington 16, D.C. 


GREAT LAKES 


Glass Company, 7530 Research 
Library, Technical Center, 1700 N. Westwood 
Avenue, Toledo Ohio. 

Vernon Poest, 7493 Herman Miller 
Furniture Company, Zealand, Michigan. 


MIDSOUTH 


Gordon D. Barnes, 6678 as, 516 South Wash- 
ington, Magnolia, Arkansas. 
B. F. Cheatham, 7509 V, Georgia-Pacitic Cor- 

poration, Box 1286, Jackson, Miss. 
‘Ranger Jim’ Martin, 7534 Box 
1940, Little Rock, Arkansas. 

Carlos D. Mitchell, 7521 V,. 1565 Harbor Ave- 
nue, Memphis, Tenn. 
Partee, 7520 Partee Flooring Co., 

Magnolia, Arkansas. 
Talbot, 7522 Fordyce, Arkansas. 


MIDWEST 


Bruce M. Gordon, 7012 V, Route 2, Box 10, 
Parkville, Missouri. 

Robert A. Ralston, 5013 V, Central States For- 
est Exp. Sta., Columbia Research Rm. 
45, Forestry Bldg., University Missouri, 
Columbia, Missouri. 


NORTHERN CALIFORNIA 


J. W. Creighton, 3031 A, Creighton Cases, Inc., 
Box 37, Moss Landing, California. 
Russell Heacox, nc, 7494 Creek 

Lbr. Co., Box 475, Cloverdale, Calif. 

Merit Products, Inc., 7511 Attn: Mr. Aleck 
Block, 3691 Lenawee Avenue, Los Angeles 16, 
Calif. 

Jack Morgan, 7532 V, Box 608, Willits, Calif. 

Floyd M. Scott, 7533 V, Auto-Nailer Co., 4829 
Canehill Ave., Lakewood, Calif. 


NORTHEAST 


Fitchburg, Mass. 

Louis-Philippe DeBlois, 7529 A, P. O. Box 959, 
Rouyn, Province Quebec. 

George Douglass, 7507 V, 26 West St., Brook- 
lyn 22, 

Irwin B. Douglass, 7524 V,. Industrial Coop., 
Aubert Hall, Orono, Maine. 

Hooker Chemical Corporation, 7518 
Box 344, Niagra Falls, 

Lief, c/o Raygold Industries 
Inc., Box 176, Copiagve, I., 

William C. Plouffe, 7514 A, Bartlett St., Marl- 
boro, Mass. 

Harry Sohmer, 7506 11-02 Avenue, 
Long Island City New York 

George Struble, 7516 Turnpike, Pequan- 
nock, N 

Theodore Vonderau, 7513 Route 109 
bany Ave., Amityville New York 

Thomas G. Walz, 7515 A, Contoocook, New 
Hampshire 

Orville Wood, 7536 c/o Pratt, Read 
Co. Inc., Ivoryton, Conn. 
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PACIFIC NORTHWEST 


Wm. Brinkley, 4319 c/o Weyerhaeuser 
Co., Silvatek Division, P. O. Box 1645, Ta- 
coma Wash. 

Paulis Cukurs, 6908 350 Oak St., Leb- 
anon, Oregon 

John Gratnham, 188 3329 Mari- 
gold Portland 19, Oregon 

University Washington, Seattle, Washing- 
ton 

Douglas Orme, 7531 Box 413, 
Eugene, Oregon 

Frank Trotto, 7519 Elavelle Cedar Divi- 
sion, Canadian Collieries 

Port Moody, C., Canada 


PACIFIC SOUTHWEST 


Cabinet & Fixtures Mfg. Guild, P. O. Box 
34694, Los Angeles 34, Calif. 


Dr. Manfred Luthgens was recently 
named Papermaking 
Chemicals Research Nalco Chemical 
Co., Chicago. 


Professor Emanuel Fritz was named 
the 1960 Col. Wm. Greeley Lecturer 
Marckworth the Univ. Washington 
College Forestry. 


Frampton, Jr. vice president 
Frampton Co., Columbus, Ohio, 
elected president The 
Railway Tie Association. 


The Fitzpatrick Lumber Co. 
Madison opened Chicago office this 
president, announced that Ralph Sime- 
one will head the new office. 


Russell Deckert and 
Smith have been promoted associate 
professorship grades forest utilization 
State College Forestry, Syracuse. 


OPPORTUNITY FOR 
PROCESS DEVELOPMENT 
ENGINEER 


with the Research and Development De- 
partment leading producer insu- 
lating, structural, and 
products—both flexible and rigid: loca- 
tion North Central 

Work relates process engineering as- 
sociated with the development new 
insulating and 
rigid fiber boards. Requires liaison be- 
tween Production and Research, and in- 
cludes variable studies, process design 
and development, and plant scale dem- 
onstration. Applicants should have 
demonstrated leadership ability and 
possess qualities initiative, thorough- 
ness and interest new fields. Five years 
experience pulp fiber preparation 
paper board felting processes 
board plant paper mill required. 
chemical engineer preferred but 
mechanical engineer may acceptable. 
Salary open. 

Submit complete resume’ personal 
data, educational background, work ex- 
perience cnd references to: 


Research and Development Department 


WOOD CONVERSION COMPANY 
Cloquet, Minnesota 


acting the Western 
Pine Association. Griffee replaces 
Fullaway, Jr. who retired after more than 
years the post. 


Inquiries concerning employment listing 
addressed FPRS Employment Service 
Box 2010, University Station, Madi 
son Wis. Correspondence kep 
confidential. 


Positions Offered 


E-365—Two wood technologists and 
nonprofessional research Responsibili- 
ties products and materials testing, 
structure research, and mechanical wood 
technology. plus one year’s 
perience required for 
Previous experience mechanics 
will given fair consideration. specific 
requirements for research aide. Request 
application forms Forest 
Products, Oregon Forest Research Center, 
Box 571, Corvallis, Oregon. Describe 
background, experience, 


(Mar.) 


technologist wanted for re- 
search and development integrated for- 
est products Central South. 
degree wood technology 
wood utilization, with experience wood 
composition board manufacturing testing 
desirable. However, will consider de- 
gree with demonstrated ability for research 
and development. (Jan.) 


Employment Wanted 


management plant en- 
gineering and development hardwood 
dimension furniture industry. Ten years’ 
experience: machine operation, custom kiln 
drying, plant and yard layout, materials 
handling, purchasing, inventory, administra- 
tion, Last five years superintendent 
pilot plant for applied research 
wood products and instructor 
tion wood-working program 
institute. B.S. Forestry, M.F. Wood Tech- 
nology; age, 37; married, children. Prefer 
East but will consider elsewhere. (Jan.) 


wanted production man- 
agement with progressive company. B.S. 
Forest Products, plus years’ expe- 
rience supervision and management 
composition board, hardboard, plywood 
and wood-working plants. Use advanced 
equipment, material, (Feb.) 


587—Primary forest products research 
production position with large wood manu- 
facturing wood using industry where 
there opportunity for advancement. Ex- 
perienced forestry, wood drying, lumber 
drying research, and hard work. Have 
B.S. Wood Technology from University 
Michigan, and expect Master Wood 
Technology February. Veteran. Will 
work anywhere but general South. (Jan.) 
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Machining Ponderosa Pine and Douglas-Fir 


Fig. 2.—Turning samples ponderosa pine graded and 
for smoothness cut. 


WOOD ANY SPECIES may 
widely its properties, de- 
pending upon such things density, 
rate growth, and grain peculiarities. 
large degree, the intended use 
determines the essential properties that 
are required. Most fabricated products, 
such fixtures, flooring, furniture, 
require lumber with 
good machining properties. Altogether, 
these products consume yearly over 
billion board feet lumber, which 
evenly divided between hardwoods and 
softwoods. 


The Author: Davis 
holds from State 
College and from the 
# University of Wisconsin. He 
served with the Edison Labo- 


ratories, 
Co., and the War Production 
the 
Forest Products Labo- 
ratory. 


Me 


EFFECT GROWTH RATE AND 


& 


sa 


Fig. 3.—Boring and mortising samples ponderosa pine, showing 


quality grades Note the relationship between number 
growth rings and smoothness cut. 


Davis 
Technologist, Forest Products Labora- 


For the more exacting uses, 
growth rate and specific 
gravity have significant 
effect the machining 
properties ponderosa pine 
and Douglas-fir, with 
the number rings per inch 
being especially important. 


This paper deals with the relation- 
ships between the 
ties ponderosa pine and Douglas- 
fir and their density and growth rate. 


Test Results 


Table summarizes the results 
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Since the two sets material are prac- 
tically the same specific gravity but 
vary widely number rings per 
inch, the difference results can 
attributed almost wholly the ring 
factor. 


the case planing, the direction 
cut was parallel the grain; 
order show any significant differ- 
ence the results obtained, was 
finally necessary part the plan- 
ing with sharp knives and part with 
dull knives. The remaining operations 
cut across the grain rather than parallel 
it, and are therefore more severe 
tests than planing. all four instances 
the slow-grown material machined bet- 
ter than the fast-grown material. 


contributed paper received March 
2 Maintained at Madison, Wis. in cooperation 
with the University Wisconsin. 
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ponderosa »ine 


Machining operation Fast-grownl wood : 2 


Flaning, shar, knives... 
blaning, dull knives..... : 6s 
Shaping, end 15 


at 


1 
“Aaveraze specific gravity average number of rings per inch 8. 


‘Averave specific zravity average number cf rings per inch 2f, 


Table 2.--Fercentayes of grades 1 and 2 samples in machining tests 


of Douglas-fir 


crn 
Fast-grown 


material 


Machining operation 


tlaning, sharp knives....: 
Shaping, end grain.......: 


furning...... os 22 


ot 30 


Tatle 1.--Percent of defect-free samples in machining tests of 


Slow-grown< wood Species : Source 


Percent : material 


~--¢ Je--Llpecific gravity and growth rate of material for machining tests 


specific gravity> Rings per inch 


38 Douglas-fir ioakridze, ureg. : ‘ 40 ‘ 16 


material 
material. 
Fercent weight group 


75 Heavier group. 


2 


Number rings per inch mean specific gravity 


“Mean number of rinvs per inch 21; mean specific gravity 0.52. 


The results machining tests 
Douglas-fir are summarized Table 
Douglas-fir does not machine well 
ponderosa pine, and relatively few 
defect-free samples were obtained. 
Comparisons were therefore based 
percentages grade (defect-free) 
samples and grade samples (those 
only slightiy defective) order 
show relationships more plainly. 
Douglas-fir, the two lots are somewhat 
further apart mean specific gravity 
than ponderosa pine. Although 
Tables and are not directly com- 
parable, the trends are parallel; that 
all the operations the slow-grown 
material machined better 
grown material approximately the 
same specific gravity. 


Test Material 


Ponderosa Pine: Three different 
sources ponderosa pine were repre- 
sented. shown Table they dif- 
fered significantly specific gravity 
and more especially rate growth. 
Two earlier Forest Products Labora- 
tory investigations gave mean specific 
gravities 0.41 and 0.42 for large 
number samples. this basis, the 
fast-grown material from Challenge, 
Calif., was about average specific grav- 
ity; the stock material slightly 
above average; and the samples from 
Medford, Oreg., were substantially 
above average. 


Douglas Fir: All Douglas-fir test 


material came from trees grown 


the vicinity Oakridge, Oreg. The 
samples were selected represent the 
ranges density and number 
growth rings per inch the test mate- 
rial. The mean specific gravity all 
samples was 0.50, compared with 
the 0.48 value for this species. 

determine the effect growth 
rate upon machining properties, the 
samples were divided into fast-grown 
slow-grown groups tested 
separately. The effect specific grav- 
ity upon machining properties was also 
tested with light and heavy samples 
Douglas-fir. Results tests are given 
Table 


Test Procedure 


The tests included planing, shaping, 
turning, boring, and mortising. The 
procedures followed, which have been 
use the Forest Products Labora- 
tory for some time, are described 
detail Laboratory Report 2108, 
Methods for Evalu- 
ating the Machining Properties 
Wood and Wood-Base 

Samples both ponderosa pine and 
Douglas-fir were graded after each ma- 
chining operation 5-grade scale 
based smoothness cut. Grade 
represented perfect, practically per- 
fect, machine work, and grade 
resented reject quality. These grades 
are illustrated Figures and 


“, ¢ 


Planing 


Next sawing, planing the com- 
monest and most important workwork- 


“Based on weight when oven dry and volume when green. 


2 
“Stock lumber from unknown source, 


ing operation. The direction cut 
planing parallel the grain, which 
makes less severe test than opera- 
tions that cut across the grain. 


Ponderosa Pine: Table compares 
the results when planing fast-grown 
about equal density, first with sharp 
knives and then with dull ones. With 
sharp knives, the difference results 
was too small significant: dull 
knives, however, made the test more 
severe. The slow-grown pine made 
much better showing, producing 
percent defect-free samples com- 


pared percent for the fast-grown 
material. 


Douglas-Fir: Douglas-fir, the 
effect growth rate upon planing was 
quite evident even with sharp knives. 
The slower-grown wood, with mean 
rings per inch, produced per- 
cent more good samples than the faster 
grown portion that had mean 
rings per inch. Densities both 
groups were relatively close together 
with 0.48 for the fast-grown portion 
and 0.52 for the slow-grown group. 

Among the group separated the 
basis specific gravity, the heavier 
0.55) gave percent more good 
samples than the lighter ones (mean 
specific gravity 0.45). ques- 
tionable how much this difference 
due variation density alone, be- 
cause the heavy specimens averaged 
rings per inch, compared with 
rings for the lighter lot. 


Shaping 
Ponderosa Pine: cuts 
failed reveal significant differences 
cuts, which are more severe test, the 
yield high-grade samples increased 
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rapidly the number rings per inch 
alone appeared have minor 

Although the aver- 
quality machined surfaces was 
pine, the trends 
the influence density appears 
small and effect growth rate 
important. The slow-grown samples 
twice many good surfaces 
those from fast-grown wood. 


Turning 


Ponderosa Pine: Turning typically 
involves cuts various angles 
rather than parallel it. 
turning, shaping, the slow-grown 
gave much better results than the 
fast-grown material, shown Table 
Figure illustrates the pattern used 
and the turning grades referred 
Table The turnings each these 
three grades were weighed collectively, 
and they showed definite trend 
toward better work the higher spe- 
Taking the average 
weight turnings the poorest 
grade (No. base 100, the 
No. turnings averaged 111, and the 
No. turnings averaged 125. 


Douglas-Fir: Although the slow- 
wood turned noticeably better 
than the fast-grown, rate growth 
did not affect results nearly much 
Within the range covered these 
samples least, density had little ef- 
fect the results. The weakness 
Douglas-fir this test was detail 
ponderosa pine s 


Table 4.--rclanin roperties of 


vles from different sources 


and sharp edges that might not count 
many sorts turnings. 


Boring and Mortising 


Ponderosa Pine: Flat-grained sam- 
ples were used tests the boring 
and mortising properties ponderosa 
pine; therefore the direction cut was 
perpendicular the rings. both 
these operations, the lot that was 
slightly heavier but slower grown gave 
much better results than the lighter, 
faster grown material. These two lots 
test material were nearly the 
same density that the difference re- 
sults can attributed almost entirely 
differences rate growth. 

Table compares the results tests 
the boring and mortising properties 
the two lots samples. Figure 
illustrates the quality the different 
well the consistent rela- 
tionship that was found between rate 
growth and smoothness cut. 


Douglas-Fir: The slow-grown 
Douglas-fir with mean rings 
per inch and specific gravity 0.52 
gave four times many grade and 
holes boring did the fast-grown 
with rings per inch and 
mean specific gravity 0.48. 
mortising, the difference favor 
the slow-grown material, though less 
pronounced, was still substantial. 


Conclusions 


Although the amount test mate- 
rial was not large enough exclude 
all effects the fol- 
lowing conclusions are believed 
justified: 

Both the number rings inch 
and the specific gravity given sam- 


Raised Source : Mean 


Fig. 1.—End-grain cuts ponderosa pine, 
showing samples graded the basis 
machinability. 


ple ponderosa pine Douglas-fir 
affect its machining properties de- 
gree that highly significant, least 
for the moi exacting uses. 

ponderosa pine and Douglas-fir, 
the number rings per inch has more 
effect the machining properties than 


does specific gravity. 


Table ¢.--Turning properties of ponderosa pine from different sources 


Mean : Grade of turnings 


Source :Condition: Mean : Mean :Defect-:Chipped: Fuzzy : 
terial : lmives :eravity rings: material gravity:of rings : No. 
1 
stock? bull : elk 28 &6 6 0 8 dstock lumber from unknown source. 


“Stock lumber from unknown source. 


Table S.--Shaping properties of ponderosa pine from different sources 


ource : Mean 
of sspecific: 
material 


Source : Mean : Mean Grades in end-grain shaping 
of : specific: number’ :--------------------------------------- 

material gravity: of rings: No.1: No. 2 No. 3 No. | 

dford, : : 45 : 50 40 10 allence, Lit 


tock Jumber from unknown source. 
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Mean : irade of holes and mortises 
nunber :----------------------- -- 
sof rings: No. 1 : Mow 2 : Now 3 : Now h 
bercent : Percent : Fercert : Percent 
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DYNAMOMETER TESTS ON... 


Cutting Action Chain-Saw Teeth 


those used harvesting 


with chain saws extremely 
scarce. The author reports 


research with various 


dynamometer. Results point 


the way for future 


improvements chain-saw 


performance. 


RTABLE CHAIN SAWS DURING the 
last years have become increas- 
ingly useful. When felling 
ing timber the woods, efficient cut- 
ting permits the use safer, more re- 
liable, and lightweight portable power 
saws. More wood can cut with less 
operator effort because the reduced 
weight and lighter feeding force when 
using higher chain-cutter speeds. 
facilitate cutter development, 
port describes rapid means meas- 
uring performance under controlled 
conditions. Thus, partially fills 
wide gap existing literature and 
confirms results similar fields. 
has been done with rotating cutters 
and the pendulum Kivimaa,? 
Reineke, and others but search 
literature indicates very little research 
with multiple cutters for continuous 
cross-cutting under controlled condi- 
tions. Although great deal has been 
learned about ripping, not much 
known about the action the chain 
saw makes its way through long 
cut without the backing provided 
circular and band saws. 


The Author: John 
holds degree mechanical 
engineering from Syracuse 
University. He has taught ma- 
and UCLA, and was charge 
design and development 
internal combustion engines 
Lycoming Motors, John Deere 
Tractor, and McCulloch 
Corp. 


Information cross-cutting 
under conditions similar 


Design Consultant, McCulloch Corp., Los Angeles 45, Calif. 


Fig. 1.—Chain teeth mounted disc driven 
accurate dynamometer. 


Laboratory Test Rig 


was thought that cutting with con- 
ventional and experimental chain-saw 
cutters rigid disc would control 
the depth cut bite and thus might 
yield maximum 
ance for more accurate comparisons 
with data from our laboratory 
dulum, dynamometer-driven chain, and 
engine-driven chain tests. Fig. shows 
the 38-inch saw disc driven ac- 
curate dynamometer with stable speed 
control. The samples cut were 
held lathe carriage and fed 
controlled rate the lead screw. Be- 
fore cutting, the saw speed and the 
feed rate were set, and the operator 
read only the dynamometer beam dur- 
ing the central part the cut. Speed 
was recorded four digits. 


Machinability Rating 


few preliminary cuts relatively 
low speeds with conventional circu- 
lar cut-off saw with spring-set teeth 
gave very erratic results due liateral 
vibrations, especially certain speeds. 
jointing the teeth top and sides 
(Fig. 2), steady and remarkably re- 
peatable values were obtained. was 
then decided use this saw 


standard for rating machinability all 


Woodworking. Publication No. 18, State Insti- 
tute for Technical Research, Helsinki, Finland. 

Reineke, 1950. Sawteeth Action. 
FPRS Proceedings Vol. 4:36. 


future wood samples, 
gravity and moisture content did noi 
compensate for effects grain, pitch, 
etc. 

Ponderosa pine cants, 
inches square feet long, 
used for all tests. Moisture content was 
long were calibrated both ends then 
sealed hold moisture content until 
the test cut. Cants were selected with 
few knots and with the grain oriented 
shown Fig. The curved path 
the circular saw closely approxi- 
mated straight cutting because the 
large diameter used, and because the 
log was fed with its middle line 
with the center the saw. Variation 
machinability typical cants 
rated the standard saw are shown 
Fig. The values were obtained 
standard cutter speed 2,000 feet/- 
minute and feed rate feet/- 
minute. 

Since knots were avoided 
cants were free from dirt, the 
saw could used for 100 cuts before 
re-sharpening. allowance was 
for dullness, shown Fig. which 
applies also conventional 
cutters. 


Corrected Cutting Rate 


compare cutting tests made 
several different logs, machinability 
rating 2.00 square feet per 
per horsepower was selected 
standard. The observed cutting 


JANUARY, 1960 


Presented the FPRS 13th National Meet- 
ing, June 28-July3, 1959 in San Francisco; re- 
ceived the Journal May 11. 


35° 


30° 


Fig. 2.—Machinability ratings were determined with 
standard circular saw. 


LOG NUMBER 


Fig. 4.—Variation 


was divided the log-rating value and 
then multiplied 2.00 obtain the 
corrected-cutting rate (C.C.R.). fig. 
all the observed values the softer 
log were multiplied 
thus the curve. The values 
the harder log were raised 2.00/- 
1.44. Thus, both logs yield similar cor- 
rected data equivalent that obtained 
average log with standard ma- 
chinability rating. Since the standard 
saw performed quite similarly other 
cutters having wider kerf, the cor- 
relation was good other speeds and 
feeds, This term, corrected-cutting rate, 
became handy measurement cut- 
ting efficiency for all 

For general information cutting, 
standard circular saw with 
inserted teeth was modified shown 
Fig. This saw (Fig. duplicated 
remarkably well the performance 
conventional hooded cutters when 
rigidly mounted with the same tooth 
spacing. considerable range speeds 
and feeds shown well con- 
venient means for observing power 
requirements, 


Optimum Conditions 


For each speed, the maximum cut- 
rate occurs different feed 
This results optimum bite, 
vhich the theoretical thickness 
ich chip just before actually 
ormed. For example, 2,000 feet per 


TOP 


typical cants. 


CROSS-CUT 


JOINTED 
SIDES 


Fig. 3.—Test cants were selected for few knots and 


proper grain orientation. 


minute this saw will have 2,000 
12/7.8 3,050 left-hand teeth per 
minute passing thru the log. Dividing 
the feed inches per minute 
3,050 gives approximately .016 inches 
bite. 

Fig. shows all the orginal data 
presented one curve. many in- 
vestigations ripping have shown, 
speed has little effect cutter per- 
formance, provided the bite held 
constant varying the feed rate 
the cutter spacing. For given power, 
cutting rate the same for high speed 
and few teeth for low speed 
and many teeth. This assumes adequate 
chip removal, stable cutter behavior, 
and friction losses the drive. 


Cross Cutting vs. Ripping 


Fig. also shows direct compari- 
son between cross-cutting and ripping 
the same piece wood. This saw 
was jointed accurately both tops 
and sides the teeth mounting 
grinder the lathe carriage. Bites 
small 0.0003 inch show 
regular curve. These data may help fill 
the gap information the effect 
small bite, which has previously 
been pointed out Lubkin.* 
ilar type cutter caused severe 
eral vibration, indicated the dots 


1957. Research the Circular 
Sawing Wood. Vol. status report the 
Central Research Laboratory, American Foundry 
& Machine Co., Conn. 
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CUT NO. LOG 


Fig. 5.—Allowance made for effect duliness. 


(Fig. 10). The fibers were being 
cut several times, which produced ex- 
cessive kerf width. When these teeth 
were jointed their sides, reliable 
and repeatable data was obtained 
shown the curve and squares. 


Effect Kerf Width 


evaluate the effect kerf width, 
values for cutting the bottom the 
kerf only were obtained leaving 
projection the log equal the kerf 
width (Fig. and then cutting this 
projection with the saw alignment. 
The required for average 
(2.00) log various bites shown 
Fig. 11. Notice the large change 
power for the bottom the 
kerf the bite was varied. These 
values neglect chip removal, which 
small this saw because the large 
gullet capacity. 

Assuming that the power required 
the bottom the kerf propor- 
tional the width, reducing the saw 
width per cent would save nearly 
per cent power 0.005 bite but 
only per cent 0.040 bite. 

similar test the standard saw 
only one bite shown Fig. 12. 
Here, addition the bottom, cuts 
were taken the end the log across 
the full bottom and one side only. The 
remaining energy assumed re- 
quired for chip removal although there 
may other losses involved. 
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Fig. 9.—Direct comparison between cross-cutting and ripping 
the same piece wood. 


Fig. information was obtained 


saw. 


Qa 
2000 3000 5000 FT/MIN 
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itt ttetetete 


Fig. 6.—Cutting rate cutters was Fig. 8.—Curves showing range Fig. 10.—Severe lateral vibration indicated 
corrected for sample variation. 


feed rates, and power requirements. dots. 


POWER DISTRIBUTION 
EX9683L CIRCULAR SAW 


8.25 FT/MIN 


POWER DISTRIBUTION 
STANDARD CIRCULAR SAW 


11% CHIP REMOVAL 


29% ONE SIDE 


SIDES PLUS 
REMOVAL 


29% SECOND SIDE 


BOTTOM KERF ONLY 31% BOTTOM KERF 


SIDE 


005 O10 020 035 040 
BITE TOOTH 


.008" BITE 


Fig. 11.—Power requirements for average log various bites. Fig. 12.—Power requirements standard saw one bite. 
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CHAIN CIRCULAR SAW 
CONVENTIONAL HOODED 


x: 
SAW CHAIN CUTTERS 
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TOOTH VELOCITY FT/MIN 
) 
14.—Curves the smoothness and 
efficiency cutting action. 
FEED PRESSURE 
SAW CHAIN DYNAMOMETER 
HOODED CUTTERS 
FT/MIN. 


Fig. pressure required for 
different cutter speeds. 


Saw-Chain Dynamometer 


The rig can easily changed into 
oversize chain saw (Fig. 13) with 
wheels replacing the conven- 
tional small sprockets. The new 
able that having the cutter free 
its own devious way thru the 
wood. The floating-guide bar was re- 
sisted oil-loaded diaphragm 
measure feed pressure 
speeds and feed rates. Vibra- 
tion now became evident, affecting the 
bottom the kerf well the sides. 
Being able hear and see the cutter 
action close range and various 
fixed speeds made possible eval- 
uate effects cutter shape, angles, 
depth-gage settings, etc. When the 
bar was locked (Curve A), 
rough and inefficient cutting resulted; 
whereas, the floating bar (Curve 
permitted the cutter follow the work 
more smoothly and higher effi- 
iency (Fig. 14). These were conven- 
blunt cutting angles used for hard 
wood and long sharpness life. 

The same cutters when used the 


Fig. 13.—Laboratory rig can changed into oversize chain saw. 


circular disc produce the upper curve 
The space between curves and 
shows typical losses due the inter- 
mittent cutting action and chain-to-bar 
friction. For this feed higher speeds, 
more efficient circular saw would 
Curve which has half the cutters 
removed and operates more nearly 
the optimum bite. 

All these curves were raised 
surprising amount using 
cutting edges (larger cutting angles) 
but the shape the curves similar 
those shown. Tests made with less 
than 12-inch samples showed improved 
cutting rates, but the C.C.R. was con- 
siderably reduced with kerf 
longer than inches. 

Chain-cutting data does not lend it- 
self plotting C.C.R. against bite, 
because the latter not rigidly con- 
plotted various speeds 
rates get family curves similar 

Fig. shows the feed pressure re- 
feed rates with typical filing and cutter 
shape. apparent that less pressure, 
which the operators like well, 
needed higher speeds. 


Summary 


gave accurate data cutter perform- 
ance with rigid controls 
ous cutting. 

procedure was established for 
rating the machinability wood test 
samples. 

This permits definite rating 
cutting efficiency for various cutters 
compare designs. 

resulted rating that was used 
predict performance any given speed 
and feed. 

optimum bite was shown for 
each type cutter regardless wide 
variations 
feed rate, and power available. This 
included the effect chip removal. 
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Cutting efficiency decreased with 
small bites and approached zero with 
infinitesimal bite. 

Vibration, which changed 
path the cutter, 
wasteful power. 

Chain-cutter action was affected 
the mass the supporting bar. 

The effect kerf width cut- 
ting efficiency varied greatly with bite. 

10. Feed pressure requirements were 
much lower with moderately high cut- 
ter velocities. 


General Evaluation the 
Program 


The research described produced 
great deal reliable data, 
equipment has proven very use- 
ful tool developing cutters. 
single case did the performance 
cutter mounted chain equal its 
maximum cutting rate the disc. 
Further losses were apparent when the 
same were used portable saw with 
calibrated engine. 

The cutting speeds used were con- 
siderably higher than those 
present chain-saw practice. Such speeds 
would result high maintenance costs. 
However, circular saws are operating 
many cases six times the speed 
Intermediate values were used here for 
comparative purposes and help es- 
tablish trends. 

Many factors other than cutting 
ciency are important good saw-chain 
operation. The research here reported 
will serve guide for improving 
overall performance. Field testing and 
evaluation will continue para- 
mount importance meeting the par- 
ticular problems each user. 

From the tests reported herein have 
come many ideas for reducing wear, 
increasing edge life, 
power requirements for lighter, more 
dependable, less fatiguing, 
tools for the professional woodsman 
well the occasional user. 
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Collapse Wood ... 


EXPLORATORY EXPERIMENTS ITS 


University California Forest Products 
Laboratory, Richmond 


Collapse and drying defects were reduced 


markedly under severe drying conditions 


replacing water with organic liquids. 
Reduction collapse from lowered 
surface tension consistent with theory. 


MAIN THEORIES the cause 

collapse are the liquid tension 
theory proposed first Tiemann 
1915, and the theory 
compression shrinkage set resulting 
from interaction tension and com- 
pression stresses during the drying 
bulk wood. The latter theory was de- 
veloped Stamm and Loughborough 
(20), who concede that liquid tension 
collapse may also present. 

Abundant evidence indicates that 
compression set, distortion cells 
because drying stresses, present, 
particularly impermeable hardwoods. 
Much evidence, mainly circum- 
stantial nature, also indicates that li- 
quid tension collapse may play sub- 
stantial part. 

this stage, quantitative evi- 
dence exists the relative magni- 
tude each these causes because 
the involved separating 
their relative effects. Manifestations 
both causes distortion are similar, 
the effect many physical drying 
variables upon them. Also, many 
their actions are additive. Further in- 
vestigation necessary determine 
the mechanics collapse. 


The Authors: Eric Ellwood holds from 
the U. of Melbourne, Australia, and a PhD from 
Yale. Chief the Division Timber 
Physics and Mechanics the FPL. 

Barton Ecklund holds a BS degree in wood 
technology from the University Michigan, 
and laboratory technician the Laboratory. 

Eugene Zavarin studied the Gottin- 
gen, Germany, and holds a PhD from the U. 
California. assistant forest products 
the Laboratory. 


Liquid Tension Collapse 


For detailed discussion the 
theory, see references 24, and 25. 
The first proposal this theory, 
Tiemann, based the liquid ten- 
sion that can transmitted through 
water the cell walls virtue the 
high tensions set small capillaries 
the cell wall. 

Formula 1), derived 
tension considerations (1, 10), in- 
dicates the order hydrostatic ten- 
sions that can developed relation 
the radii the capillaries. 


radius tube small tubes) 

internal tension dynes 

contact angle between liquid 
and wall pore; usually 
taken 


The reduction vapor pressure as- 
sociated with the capillary dimension 
derived from the Kelvin equation: 


where 


molecular weight liquid 


the American Institute Wood Engineers, June 
28, 1959, held in conjunction with 13th Na- 
tional Meeting of the FPRS, in San Francisco. 

study was financed, part, the 
California State Division Forestry, Depart- 
ment Natural Resources, under research 
program California hardwoods. 

parentheses refer the Litera- 
ture Cited the end this report. 


Fig. 1.—Effect reconditioning collapse removal madron: 
when stress-relief interaction between shell and core removed 
slotting. wafer cut from dried, collapsed board; wafer cut from 
matched-dried, reconditioned board; wafer cut from dried, col- 
lapsed board and reconditioned slotted condition. 


absolute temperature 


vapor pressure over the menis- 
cus and saturated 
pressure over plane surface 


Application formula (2) shows 
that very small reductions vapor 
pressure result capillary radius 
can lead collapsing forces. Collapse 
can therefore occur relative humid- 
ities close 100 per cent (3). 


originally proposed Tiemann 
and described Hawley (11), the oc- 
currence liquid tension collapse de- 
pends upon: the cells containing 
openings larger than necessary 
cause sufficient water tension de- 
velop; and the cell cavities being 
filled with water and free from air 
bubbles with radius curvature 
large that the menisci. Hawley 
states that air bubbles than 
this occur, their expansion relieves 
the liquid tension that developed the 
cell cavity. The water the cell cavity 
then able move through the capil- 
laries the evaporating zone without 
full development liquid tension and 
its transmission the cell walls. 

Barkas (3) has more recently 
claimed, 
tions, that cavitation water cell 
cavity does not obviate the hydrostatic 
tension water remaining contact 
with the cell wall. The tension this 
water would still present, and 
would act normally relation the 
surface the cell wall. The effect 
water cavitation wood 
mains investigated experiment- 
ally. 

Comparatively little 
mensions through walls. Stamm 
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Table APPROXIMATE HYDROSTATIC TENSIONS REQUIRED CAUSE 
COLLAPSE VARIOUS WOOD TEMPERATURES 


Temperature of Hydrostatic tension » 


wood proportional limit 
stress perp. grain 
(atmos.) 
30.6 
100 27.8 
120 21.9 
140 18.3 
160 14.6 


has given permanent pit pore 
his figures were derived from gas-flow 
studies. From moisture 
movement wood, Kroll (14) sug- 
gests that pit radii softwoods are 
larger than the values given Stamm. 
Liese and Farnenbrock (15) have 
published electron photomicrographs 
apertures the pit membrane 
size 4,000 length and 100 
width. Stemsrud (23) has re- 
ferred Frenzel’s studies, which 
computations from the movement 
colloidal gold particles show the larg- 
est cell apertures Scots pine have 
maximum radius 250 

Even less information available 
the dimensions permanent capil- 
laries hardwood, but Liese (16) in- 
dicates that the structure the pit 
membrane contains apparent pores 
and microscopically visible aper- 
effective capillary radii refractory 
hardwoods are considerably smaller 
than indicated for the softwood 
figures quoted above. 

interest relation capillary 
dimensions the possible influence 
extractives reducing the effective 
opening the pits. 
commonly observed liquid penetra- 
tion studies wood that rapidly 
diminishing flow with time. rea- 
sonable suppose that very fine capil- 
laries may become reduced effective 
extractives either already 
place, deposited movement 
water. this connection, 
cense cedar and California redwood 
have substantial extractive contents 
phenolic and tannic nature which could 
form weak bonds reactive parts 
the wood such pit areas. has re- 
cently been reported (5) that poor 
penetration preservatives radiata 
pine was caused resinous extrac- 
ive material, which indicates affect 
extractives permeability. 

When formula applied 
wood, apparent that the hydro- 
tensions must exceed 
limit stress the cells 
cause Further, since 


Equivalent maximum 
capillary radius 


(my) 


Fig. 2.—Replacement treatment wood specimens vacuum 


the proportional limit stress wood 
decreases markedly with increasing 
temperature, does the collapse resis- 
tance wood hydrostatic stresses. 
Table shows the effect wood 
temperature hydrostatic tensions 
required cause collapse, 
maximum cell-wall capillary 
necessary. Experimental strength values 
for beech (6) have been used 
example the reduction transverse 


What This Research Means 


The occurrence collapse during 
drying many species major 
limiting factor preventing the adop- 
tion accelerated kiln schedules 
and rapid unorthodox methods 
moisture removal. This paper de- 
scribes part program inves- 
tigate the basic cause and nature 
collapse, with ultimate view 
preventing its occurence even when 
rapidly drying wood. Consideration 
the liquid tension collapse theory 
suggests that lowering the surface 
tension the drying liquid wood 
will reduce collapse. Experiments 
which water wood was replaced 
with various organic liquids and 
then dried, showed that collapse was 
prevented with certain liquids even 
under very severe drying conditions. 
The reduction collapse was 
tatively consistent with predictions 
from capillary theory but other ef- 
fects were also involved. Tensile 
compressive type stresses 
were also reduced and some anti- 
shrink effect occurred suggesting 
modified elastic and plastic behav- 
-ior the wood during drying. The 
implications from this behavior are 
that addition the possibilty 
influencing the development col- 
lapse during drying, may even- 
tually possible completely 
modify the normal 
pattern thus leading substantial 
reduction ordinary drying defects. 
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distillation. 


strength wood with increasing tem- 
perature. Corrections have also been 
made for the effect temperature 
surface tension. room temperature, 
with saturated wood, collapse pos- 
sible with maximum capillary radius 
mp. 160° F., the hydrostatic 
tension necessary collapse de- 
creases approximately 14.6 atmos- 
pheres. The corresponding maximum 
capillary radius through the cell wall 
that would allow collapse develop 

pointed out several investiga- 
tors (3, 14), the application the 
Kelvin equation not valid for very 
small capillaries which the dimen- 
sions approach those the mean free 
path the water capil- 
laries with smaller radius than ap- 
proximately my, the properties 
water are different from those the 
bulk liquid because the increasing 
molecular influence the capillary 
walls. 

Until more evidence 
hardwood pit structure, quantitative 
use the Kelvin equation does not 
appear justified this stage, least 
for impermeable hardwoods. 

Another point interest connec- 
tion with the application surface 
tension theory that the surface ten- 
sion (or surface energy) liquid 
decreases with increasing temperature, 
and zero its critical temperature. 
With water, the reduction surface 
tension with increase 
apparently less important than the 
accompanying decrease the rigidity 
the wood fibers, because when col- 
lapse-susceptible wood dried tem- 
peratures above the boiling point 
water, shows very severe collapse. 

Further, when liquids other than 
water, are considered, particularly those 
with large molecules, the application 
the Kelvin equation 
Capillary action essentially the 
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result molecular forces around mole- 
cules, and these forces are also the 
ones concerned with transmission 
liquid tension throughout 
ture. Also, molecular orientation with 
respect hydrophilic and hydrophobic 
comes important. more profitable ap- 
proach, therefore, may study from 
molecular standpoint rather than 
from thermodynamic one. 


Removal Collapse 


Under some conditions, collapse can 
removed from wood. The applica- 
tion moist heat induce dimen- 
sional recovery well known. This 
practice, called reconditioning, used 
commercially Australia with col- 
hardwoods. means 
live, saturated steam, the wood 
for several hours, when the moisture 
cent. Treatments greater lesser 
moisture contents generally 
produce such good recovery. Prior heat 
treatments elevated drying tempera- 
tures, such as, 180° F., reduce the ex- 
tent which collapse can recov- 
ered. Temperatures higher than 212°F. 
ments not appear improve recov- 
ery. 

The removal collapse terms 
dimensions and time for removal 
shown Greenhill (8) for eucalypts 
and Bryan (unpublished report) for 
Pacific madrone. 

The actual mechanism the col- 
lapse-recovery treatment unknown, 
but solid wood, elevated tempera- 
ture and the presence moisture are 
required. Both variables have plastic- 
ising and swelling effect wood. 
Additional moisture not required 
sufficient contained the woods; 
collapsed samples sealed bags can 
restored heating only. The recovery 
process will restore collapsed 
whether collapse was 
the result compression shrinkage 
hydrostatic tension. The well-known 
dimensional recovery dented wood 
application hot iron and wet 
rag another example. 

Although various suggestions have 
been advanced account for collapse 
removal, such increase 
plasticity and activation 
elastic forces, development internal 
steam pressure, and relief compres- 
sion-tension type drying stresses, none 
stands critical evaluation. 

The explanation given support 
the theory compression set collapse 
that steam reconditioning treatment 
reverses tension stress the outside 
the board compression stress. The 
compression the inner 
thereby relieved, which allows expan- 


sion the wood whole. Subse- 
quent drying low humidity then 
puts the outer layer tension, and the 
tension developed passes gradually 
the center zone, and reduces total 
shrinkage. 

That this not the mechanism 
recovery can seen from number 
arguments: 


Microtome sections cut from 
collapsed board will recover rapidly 
when heated moistened. 

Steam recovery treatments are al- 
ways applied much later stage than 
that stress reversal, that is, the outer 
zones are already under compression. 

thin strips are cut successively 
inward across the full width col- 
lapsed board and are reconditioned 
separately, all strips will 
stantial collapse recovery, although the 
interactions shell and core-type dry- 
ing stresses have been removed (Fig. 
1). The outermost 
slightly more than all other strips, and 
very slightly more than reconditioned 
piece wood whole, which indi- 
cates that (a) collapse has occurred 
the outermost zone although was 
under tension during drying, and (b) 
that although drying were act- 
ing, their effect total recovery was 
comparatively slight. 


more probable that the proper- 
ties the cell wall itself are basically 
responsible for recovery, rather than 
any gross mechanical effect. this con- 
nection, interest mention that 
microtome sections collapsed wood 
will recover rapidly when moisture 
placed near the cells. Since this in- 
stance the superimposed drying stress 
not present, but swelling the in- 
dividual cell wall occurs, the recovery 
motivation may well within the cell 
wall. 

Deformation the cell wall must 
result shear stresses within, that, 
and strained condition. This condition 
not necessarily reflected residual 
stresses bulk wood. postulated 
Urquhart (27) and developed Her- 
mans (12), however, cross linkages 
-OH groups are formed during drying 
between adjacent micelles the cell 
wall, particularly the amorphous re- 
gions, that the deformed condition 
maintained. Because these new 
junction points, internal resistance 
recovery developed during drying. 
The application this concept col- 
lapse could account for the fact that 
the cells not recover shape when the 
collapsing stresses are removed. 

Herman’s study the mechanical 
and physical properties various cel- 
lulose fibers shows that, tensile loads 
are applied fiber beyond the yield 
point, and the fiber then allowed 


swell heated without restraint, 
there substantial retraction (recov- 
ery). This explained the basis 
that the new, secondary junction points 
may considerably weaker than the 
primary ones. The swelling action 
water the action heat can dissolve 
the secondary joints, and thereby allow 
the fiber revert less 
condition, that is, recover. 

analogy with this work cellu- 
lose fibers, probable that the sam: 
explanation could apply the mech 
anism collapse recovery. This 
also implies that application mor 
powerful swelling agents than wate: 
may cause better recovery wood 
not satisfactorily restored the 
conditioning process. Further, 
gests that any material included within 
the structure the cell walls. 
which might modify the 
secondary bonds, may also alter the 
deformation characteristics the cell 
wall under collapsing stress. 

additional point interest 
that tension wood cells that have col- 
lapsed not recover. this case, the 
secondary wall the cell can often 
seen broken away from the primary 
wall, indicating possible effect cell 
wall structure collapse. should 
pointed out that the lignin-rich 
middle lamella must conform all 
distortion during collapse, and could 
itself directly influence collapse and 
recovery. 


Prevention Collapse Development 


collapse essentially the result 
drying stresses—mainly compression 
shrinkage—then all drying methods 
that would reduce the compression 
the core, thus maintaining the strength 
the wood during drying and estab- 
lishing substantial tension set, would 
reduce overcome collapse. con- 
ventional methods, essentially 
means comparatively low temperature 
and, consequently, slow drying, unless 
permeability could improved 
duce moisture-gradient effects and time 
drying. Use antishrink chemicals 
the outer zones the wood should 
have marked effect reducing com- 
pression Recent studies 
Kauman (13) have shown 
fluence drying conditions 
type collapse. 

Experience date indicates that, al- 
though antishrink chemicals such 
urea and invert sugar, have 
effect, their usefulness limited 
severely collapsing material. One im- 
portant exception the reduction 
collapse obtained Chudnoff (4), 
who used dilute solutions 
fied The amount ZnCl, 
used could not cause 
ing effect, however. Recent work the 
Australian Forest Products Laboratory 
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(29) has also shown that sodium 
chloride and dilute hydrochloric acid 
some reduction collapse, 
also indicates the possiblity 
effects other than bulking. 

Alternatively, the development 
ying stresses could modified 
the drying process (as indicated re- 
high-temperature drying stu- 
compression shrinkage. 
however, high-temperature dry- 
collapse-susceptible woods has 
been successful. 


hydrostatic tension essentially 
for collapse, several ap- 
proaches the problem are possible: 


Increase the size intercellular 
the pit-pore membrane 
cellulosic, this solution does 
not seem practicable present without 
generally weakening the wood struc- 
ture. extractives are responsible for 
reduced capillary dimensions, however, 
then appropriate leaching the wood, 
resoaking the green condition, and 
redrying should indicate the validity 
this approach. 


Induce cavitation water 
the cell cavities. One method, based 
water-soluble inorganic salts that 
evolve gases the wood cavities, has 
been explored and patented the 
Forest Products Laboratory (17). 
Other investigators have reported that 
collapse was unaffected when wood 
moisture was replaced aerated and 
denucleated water pressure treat- 
ment with partially saturated CO, 
solution (28). 

Reduce the surface tension the 
wood water. Work has begun the 
Australian Forest Products Laboratory 
the effect wetting agents, but 
reports are yet available. 


From the standpoint the surface- 
energy theory, reduction surface ten- 
sion liquid also implies (a) reduc- 
tion cohesive strength, where work 
cohesion 2y, (b) reduction 
strength adhesion the wood sur- 
(interfacial tension), (c) 
where two liquids are concerned, re- 
duction the adhesive strength be- 
tween liquids. These characteristics are 
all related the extent liquid ten- 
sion that can developed, and sug- 
gest experimental approach the 
observation the effect liquids 
other than water the development 
collapse. 

Further, with the recent develop- 
ment solvent drying related 
processes based organic liquids, such 
approach may have practical bene- 


Experimental 


Objectives: the assumption that 
hydrostatic tension developed during 
drying the dominating cause col- 
lapse, the water green, collapse-sus- 
ceptible wood blocks was replaced with 
various selected liquids, The collapse 
development the subsequently dried 
blocks should then 
first, whether liquid tensions are im- 
portant and, second, the appropriate 
liquid properties responsible for the 
collapsing stresses. 

meet the requirements the 
full-cell theory, the void volume (air 
space) remaining the wood after re- 
placement must small, that most 
the cell cavities are completely filled 
with liquid. one-stage replace- 
ment, the liquids used the study had 
miscible with water, least 
some extent, prevent development 
voids. 

Because the importance their 
specific effects wood, apart from 
surface tension, the liquids were chosen 
with range polarities and dielectric 
constants. Information available shows 
relationship between the latter prop- 
erties and the affinities the liquids 
for wood cellulose, evidenced 
relative swelling and heats adsorp- 
tion (18, 22). 

The first tests were extensive 
rather than intensive at- 
tempt establish criteria for subse- 
quent detailed examination. 


General Procedure: 


Wood specimens: The work was 
done California black oak 
cus Newb) and Pacific mad- 
rone (Arbutus menziesii both 
which are collapse-susceptible spe- 
cies. The Pacific madrone has greater 
tendency collapse than does black 
oak, and the latter has greater ten- 
dency check, both internally and 
the surface, than does the madrone. 
(Hook. Arn.) Rehd.), wood that 
checks badly and collapse-susceptible 
was also used one series. 

Shrinkage values the California 
black oak and madrone, determined 
ASTM methods, are given Table 
for comparison with total shrinkages 
obtained this study. The values 
found Schniewind (unpublished re- 
port) are used, because they were ob- 
tained California-grown material 
that was also the source the test 
specimens used the collapse study. 
The shrinkage values for California 
black oak are particularly appropriate, 
since specimens for the present tests 
were obtained from the same logs 
those used for shrinkage tests. The 
relatively high shrinkage values for 
madrone indicate that some collapse 
had developed. 
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Although full replacement water 
specimens, was considered necessary 
would bring into play normal drying 
stresses and considerable movement 
the liquid through side grain during 
drying. Specimens that were very short 
along the grain would not expected 
develop the same drying 
tern would boards. Similarly, the 
effect hydrostatic tensions would 
lessened the dimension along the 
grain the wood approached fiber 
length. 

The specimen dimensions eventually 
used were varied determine the 
effect specimen geometry total 
shrinkage. (Total shrinkage used 
include both normal shrinkage and col- 
lapse.) all cases, the specimens were 
inches along the grain, with cross 
inches, and inch. the larger 
the rectangular specimens, the 
inch dimension was the radial direc- 
tion, and the smaller, rectangular 
specimens the inch dimension was 
the radial direction. 

All material was cut from the 
wood green logs. Specimens were 
randomly allocated particular treat- 
ments, Dimensional changes 
quid replacement, well shrinkage 
constant weight with oven drying, 
were recorded. All shrinkages were 
based the original green dimension 
except where noted otherwise. Apart 
from shrinkage measurements, visual 
estimation the condition the spe- 
cimens after drying was made 
practically complete freedom from dis- 
tortion and checking, both internal and 
surface, and represents almost com- 
plete destruction the specimens. All 
specimens were cross-cut permit 
spection for internal checking before 
they were rated. 


Treatments: 
quids were used, including series 
alcohols, 7.5 per cent acetic acid solu- 
tion percent ZnCl, solution, and 
polyethylene glycol (molecular 
weight 200). Their selected properties 
are shown Table Although sub- 
sequent removal the polyethylene 
glycol from the wood was 
tended, trial was made determine 
its antishrink effect collapse. 

Water replacement was 
distillation under vacuum when the 
placement liquid had boiling point 
above that water, did the fol- 
lowing: Polyethylene glycol (PEG), 
ethylene glycol ether 
(EME), dioxane, dimethyl formamide 
(DMF), and tertiary amy- 
lol. (These abbreviations are used for 
the remainder the paper) Fig. 
shows the distillation apparatus. Distil- 
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Table 2. SHRINKAGE VALUES AT OVEN DRY CONDITION BY ASTM STANDARDS 
(PER CENT OF GREEN DIMENSION) 


Species 


California black oak 
Pacific modrone 


Tanoak 


Radial Tangential 
3.7 7.8 
5.8 15.5 
6.4 12.0 


Table 3. - SELECTED PROPERTIES OF REPLACEMENT LIQUIDS USED 


Liquid Boiling Molecular Surface tension 
point weight at 20 C. 
(dynes/cm) 
Dimethy! formamide 151 73.0 36.7 
Ethylene glycol 
monoethyl ether 135 90.1 32.0 
Dioxone 101.5 88.1 35.4 
Acetone 56.5 58.1 23.7 
Methanol 64.7 32.0 22.6 
Ethanol 78.5 46.1 22.8 
n-Propanol 97.2 60.1 23.8 
82.3 60.1 21.7 
n-Butanol 117.7 74.1 24.6 
Tert. Butanol 82.8 74,1 20.7 
Tert. Amylol 101.8 88.2 
Water 100 18 73.0 


* Reference (22). 
Reference (18). 


lation under reduced pressure was used 
lessen possible temperature effects 
subsequent drying. Maximum distil- 
lation temperature was 45° Un- 
treated, green control specimens were 
given similar heat treatment deter- 
mine temperature effect the first 
series. Distillation treatments were in- 
termittent hours per day): the spe- 
cimens were allowed soak the 
liquid between 

Replacement the water 
wood organic liquids with boiling 
points less than 100° was ac- 
hieved diffusion soak room 
temperature. The acetic acid and ZnCl, 
were diffused into the wood soak- 
ing the specimens. 

Low water content the replace- 
ment liquids around the wood speci- 
mens was maintained during the proc- 
ess either periodic replacement 
the liquid use CaO absorb 
the water removed from the wood. 
attempt was made replace all the 
water the specimens completely 
organic liquids, and residual moisture 
content percent the end 
replacement was 
tory. 

The volume water removed and 
the amount organic liquid 
penetrated the wood during the drying 
process were checked measuring the 
cumulative amount water 
soaking liquid and periodically weigh- 


Dipole Dielectric 


Relative swelling Heat of wetting 


moment constant power on wood* on cotton cell- 
(cal/gm dry cellu. 
3.22 
(est.) 
1.7est.) 29 (est.) 90 
0.0 3.0 
2.80 21.4 63 
1.78 31.2 95 7.07 
1.85 25.7 
1,98 21.8 45 16 
59 
2.06 17.8 13.5 
1.84 
1,84 100 


ing the blocks. the first test series, 
the water content the organic liquids 
was measured with Karl 
agent. later test series, the water was 
measured refractive index. Calibra- 
tion curves drawn for the refractive 
indices known concentrations 
mixture the organic liquid and 
water provided standard. fur- 
ther check, additional specimens were 
taken periodically from the treatment, 
and their organic liquid and water 
were removed distillation and 

Replacement time varied from three 
days six months, depending the 
process, the replacement liquid, and 
the thickness the specimens. 

Drying Treated Specimens: all 
cases, the 1-inch-thick treated 
mens were dried from the saturated 
state under the severe conditions 
oven drying 215° F., with virtually 
zero relative humidity. 

some cases, matched specimens 
were also dried under conditions de- 
signed minimize drying defects 
the green, untreated controls. The 
drying conditions used 
stances were initial conditions 110° 
dry-bulb temperature and wet- 
bulb depression, which were increased 
stepwise 160° and 40° re- 
When the specimens 
percent, they were 


determine the effect end-grain 
drying the drying defects the 
specimens, several tests were made 
with glued and clamped metal plates 
over the end-grain surfaces speci- 
mens oven dried. Apart from 
slowing the drying rate, was 
expected, these tests showed that 
substantial differences occurred 
cimen drying behavior. 


Results and Discussion 


Series Drying Behavior 
Oak and Madrone Treated with 
Methanol, EME, DMF, and 
Chloride Solution: Pertinent data 
specimens California black oak 
madrone are shown Table 
cause densities varied among the re- 
placement liquids, their amount the 
wood has been expressed volume 
tric basis. This means that the percent 
age replacement liquid compar 
able with percentage water, based 
oven-dry weight, with respect 
volume liquid the wood. 

The calculated void the percent- 
age the fractional void volume 
the wood that available for liquid, 
but that not filled either replace- 
ment liquid water. 

may seen from Table that, 
after being corrected for density the 
replacement liquids, the 
cupied liquids after replacement was 
not very different from the volume 
occupied water the green, un- 
treated specimens. apparent from 
the data that large number cells 
would fully saturated after replace- 
ment. Thus liquid tension forces could 
act, postulated the Tiemann 
theory. 

That the liquids penetrated the fine 
structure the cell wall evidenced 
the fact that, after replacement and 
before drying, only very small shrink- 
ages (and some 
occurred, general, the tangential 
axis was affected more than the radial; 
the maximum tangential shrinkage rec- 
orded was 0.37 percent for black oak 
treated with EME. the other hand, 
madrone which all water had 
been replaced, the tangential axis 
swelled 0.52 percent with EME 
placement. Except for material treated 
with DMF and the radial axis 
showed very small shrinkage. Speci- 
mens treated with DMF (all water re- 
placed) showed tangential swelling 
high 2.5 percent madrone, and 
barely measurable radial swelling. 
That DMF would cause additional 
swelling wood might expected 
from its relatively high polarity and di- 
electric constant (see Table 3). 

Six specimens each species and 
each treatment were dried oven 
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drying and kiln drying followed 
oven drying. 

The drying curves from the satu- 
condition constant weight for 
different treatments are shown 
lig. for the oven-dried madrone 
The drying rates for black 
were similar. oven drying, the 
taken reach percent liquid 
ntent varied from hours. 
drying time, were: methanol, green 
ZnCl, solution, DMF, and 
ME. The results indicate the influence 
viscosities and boiling points the 
Considerably longer times were 
reach constant weight, 
hich shows that small residuals the 
liquids were strongly held 
the wood. The very long oven-drying 
times involved probably caused some 
deterioration the wood, that the 
actual weight losses toward the end 
drying should interpreted with 
caution, 

Under kiln-drying conditions, the 
time taken reach liquid 
content varied from days, 
the following order decreasing dry- 
ing rate: methanol, green controls, 
DMF, EME, and ZnCl, solution. The 
slow rate drying the ZnCl, treat- 
ment was due the effect initial 
high humidity the lowered vapor 
pressure the ZnCl, solution. The 
effect relative humidity organic 
liquid loss should negligible, since 
only partial vapor pressures the or- 
ganic liquids are involved. However, 
the drying curves for the kiln-dried 
material reflected the fact that the 
relative humidity did affect the weight 
loss the specimens treated with or- 
ganic liquids. This was probably be- 
cause moisture absorption the 
specimens under high humidity, with 
concurrent loss organic liquid. 

The condition the specimens after 
oven drying and after kiln drying plus 
oven drying shown Fig. and 
comparative rating the specimen 


+ 
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LIQUID CONTENT (PERCENT) 


Green Control 
Dimethy! Formomide 
Zine Chloride Solution 
Methy! Alcohol 
E.M.E. 


16 359 79 


TIME DRYING (HOURS) 


Fig. 3.—Liquid loss during oven drying replacement-treated madrone specimens 
inch cross section, inches fiber direction) test Series (Liquid loss expressed 


weight basis.) 


shown Table 

Under oven drying, the EME-treated 
material was far superior all other 
specimens, while those specimens con- 
taining essentially water were com- 
pletely ruined. 

Under kiln-drying conditions, the 
relative condition the specimens 
was reversed; those that contained es- 
sentially water were least affected 
drying. was previously pointed out, 
moisture was absorbed during drying 
specimens treated with organic li- 
quids. doubtful whether moisture 
absorbed during drying penetrated 
the center the specimens any 
quantity, but absorption the surface 
zones could have been substantial. 

probable, therefore, that the 
kiln-dried material, water was absorbed 
into the shrinking zones early dry- 
ing, the organic liquid was being 
lost, that the liquid therein was 
mixture organic liquid and water. 


was this stage that surface check- 
ing became apparent the EME- 
treated The mechanism 
this behavior unclear this stage, 
and needs further investigation, partic- 
ularly since two treatments (DMF and 
methanol) showed fewer drying de- 
fects under kiln drying. 

Another factor that would favor re- 
duced collapse under the higher drying 
temperature the reduction surface 
tension the liquids with increase 
temperature. 

Under very severe drying conditions, 
DMF was unsatisfactory, although 
was considerably better than water 
alone. Surface tension DMF ap- 
proximately half that water, which 
would lead reduced liquid tension 
during drying. The swelling action 
wood during replacement, its 
strong retention, relatively high polar- 
ity, and dielectric contant all indicate 
that DMF may strongly absorbed 


into wood. Since all the water was re- 


Table 5. - COMPARATIVE’CONDITION OF SERIES | SPECIMENS AFTER DRYING 


Table 4. LIQUID REPLACEMENT DATA IN SERIES | TEST 


Drying Method 
Replacement liquid Residual water after Calculated voids Treatment Oven dried Kiln dried plus 
content by volume replacement remaining at 20°C. oven dried 
Chemical ____ (per cent) (per centof OD wt.) (percent) 
Methanol 4 10 
Methanol 122.1 113.7 WW 13 0.0 0.0 Ethylene glycol 
monoethy! ether 10 
Ethylene glycol 
monoethy! ether 98.3 107.0 14 0 13.2 3.6 Dimethyl formamide 2 6 
Dimethyl formamide 134.5 111.0 0 0 0.0 6.0 ZnCl, 0 9 
9% ZnClo solution --- --- 123 107 2.6 5.5 Green temperatue 
approx. approx. control 0 10 
Jntreated green 
temperature control ae pag 132 112 0.0 4.6 Green control 0 10 
Intreated green 
ontrol --- --- 128 5 0.2 1.3 * - Comparison is based on |1-point scale (0 - 10) in which 0 indicates severe checking 


oo cll and distortion and 10 indicates freedom from these defects. 
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Fig. 4.—Condition replacement-treated California black oak and madrone specimens 
midsection after drying Series Upper rows: oven dried; lower rows: kiln dried. 1—1A: 
methanol; dimethyl formamide; 4—4A: chloride solution; 5—5A: 


Oven Cried 


Kiln Oried 


control; untreated green control. 
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Fig. 6.—Average total shrinkage replacement-treated madrone specimens 


inch cross section, inches fiber direction after oven drying and kiln drying plus oven 


drying Series 


shrinkage replacement-treated California black, oak specimens 
inch cross section, inches fiber direction) after oven drying and kiln 


placed the DMF treatment, sec- 
ondary effects residual water are 
concerned. seems possible that the 
poorer performance specimens 
treated with DMF, compared with 
that specimens treated with other 
organic liquids, may related its 
apparently greater affinity for, and 
swelling power on, wood. 

After they were oven dried, meth- 
anol-treated specimens were also con 
sidered unsatisfactory, although 
were fewer drying defects than with 
The surface tension methano 
only one-third water, and its 
arity and dielectric constant are 
less. the basis low surface ten 
sion, methanol may expected 
perform better than DMF, quite 
from its lower boiling point. 
noted, however, that the 
ment process with methanol, residua 
amounts water were higher than 
any other replacement treatment. This 
believed the reason why meth- 
anol drying did not give even bette: 
series. 


EME, which resulted excellent 
drying behavior, has surface tension 
less than half that water, and its 
affinity for wood slightly less than that 
water, indicated its relative 
swelling power, dielectric constant, and 
polarity. 

this test, the drying behavior 
wood that contained organic liquids 
therefore seems consistent with the 
theory that lower 
should lead less collapse, but shows 
that other factors such the relative 
swelling action the liquid wood 
are also important. The temperature 
drying was also factor reducing 
total shrinkage, and benefited EME 


treatment. 


contrast the results obtained 
Chudnoff (4), ZnCi, did not reduce 
collapse; however, the solution was not 
Zinc cations are preferentially 
absorbed from solution wood, and 
ZnCl, known have deteriorat- 
ing action wood, particularly above 
percent concentration. dark, brashy 
appearance the wood after drying 
indicated that some deterioration had 
occurred, which probably nullified any 
tendency reduce collapse that the 
chemical might have had. 


total shrinkages the treated 
material are shown Figs. and 
Because severe internal checking, 
the shrinkages oven-dried controls 
and ZnCl, treated blocks are approxi- 
mate. corrections have been made 
for small, residual amounts organic 
liquids that remained after drying. 
Weight calculations show that the 
maximum residual content organic 
liquid was less than percent. 
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Table 6. - LIQUID REPLACEMENT DATA IN SERIES I TEST 


Replacement liquid 


hemical content by volume replacement remaining at 20°C. 
(per cent) (per cent of OD wt.) (per cent) 
vethylene 
ol (MW 200) --- 7.4 --- 
-lene giycol 
rethy! ether 93.1 13.2 5.7 
D 94.7 9.5 9.3 
A -tone 106.6 23.1 0.0 
A tic acid solution --- 120.2 9.0 
en control --- 123.4 0.0 


Residual water ofter 


Calculated voids 


The extent drying defects the 
specimens was directly re- 
laed their total shrinkage. the 
kiin-dried material, total shrinkage 
w.s also consistent with final appear- 
ance the specimens, except for EME 
and DMF treatments. Except for the 
water-filled specimens, shrinkage 
kiln drying was greater than oven 
drying. Apart from the excessive col- 
lapse that developed the water-satu- 
rated specimens oven drying, this 
behavior can explained time- 
dependent effect stress. The increase 
shrinkage treated specimens un- 
der kiln drying conditions was most 
pronounced the tangential direction, 
except for the EME specimens, which 
showed increase approximately 
300 percent for oak the radial direc- 
tion, well some increase the 


interest note that shrink- 
age values, for both California black 
oak and madrone specimens that were 
treated with EME and oven-dried, ap- 
proach the ASTM values for the spe- 
cies. The tangential radial shrinkage 
ratios are somewhat higher because 
more effective total shrinkage reduction 
the radial direction result 
the treatments. 


Series II. Drying Behavior Black 
Oak Treated with PEG, EME, Diox- 
ane, Acetone, and Acetic Acid Solu- 
tion: Data for the replacement tests 
California black oak are given 
Table 

Replacement was not 
cessful with PEG; the remaining voids 
after treatment occupied large pro- 
portion space available for liquid. 
With the remaining treatments, 
ciently large volumes liquid were in- 
troduced fill most cell cavities com- 
pletely. 

With the PEG, interesting phe- 
nomenon occurred. Very soon after the 
immersion the specimens, became 
that water was being rapidly 
from 
PEG was penetrating the wood. 


two days after immersion 


Fig. 7.—Condition 


KILN DRIED 


replacement-treated California black oak 


specimens midsection after drying Series Il. EME, acetone; 
acetic acid; PEG; dioxane; untreated green control. 


the undiluted PEG, the blocks began 
rise the surface, which indicates 
osmotic removal the water. 
the end the replacement period, 
cross sections cut from the liquid-re- 
placement check specimens showed that 
PEG had penetrated 
3/16 inch through the side grain 
the wood. Substantial sinking the 
surfaces the wood was apparent. 
The shrinkage the specimens this 
stage was approximately 3.5 percent 
radially and 11.8 percent tangentially. 
Since PEG antishrink chemical, 
and since the shrinkage effect was 
being exerted the outer zones the 
wood, apparent that some col- 
lapse must have occurred the center 
portion, although normal tensile-com- 
pressive type drying stresses were much 
reduced. 

Except for the green controls and 
the specimens treated with either PEG 
acetic acid solution, all specimens 
showed slight shrinkage 0.2 per 
cent radial direction after 
placement. Dioxane-treated specimens 
showed significant change only the 
tangential direction, and swelled 
average 1.2 percent. This was unex- 
pected, because the comparatively 
low polarity dioxane. 

Five saturated specimens for each 
treatment were dried under oven-dry- 
ing conditions and under kiln-drying 
conditions followed oven drying. 

The drying time percent liquid 
content under oven-drying conditions 
varied from 200 hours the 
following order drying rates: ace- 
tone, acetic acid solution, green con- 
trol, dioxane, and EME. 
tially longer time was required reach 
constant weight with the treated speci- 
mens. 

conditions, the 
drying time percent liquid con- 
tent varied from days, the 
following order drying rates: ace- 
tone, green control, acetic acid solution, 
EME, and dioxane. 

The marked differences the con- 
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dition the specimens the conclu- 
sion drying are shown Fig. 
Table the specimens are rated the 
basis freedom from distortion and 
checking; EME-treated specimens show 
the best performance under oven-dry- 
ing conditions. 

Again, drying conditions had 
marked effect drying defects the 
specimens; EME and the essentially 
water-saturated 
their relative quantity drying defects 
with change drying method, 
Series Series however, the 
other two speci- 
mens also deteriorated under kiln dry- 
ing similar fashion those treated 
with EME, contrast the behavior 
methanol and DMF Series 
moisture absorption during kiln dry- 
ing the specimens treated with or- 
ganic liquids related substantial 
changes drying defects, then the 
relative hygroscopicity the organic 
liquids could involved. Fig. 
shows that water vapor was being ab- 
sorbed the organic-liquid-treated 
specimens during kiln drying under 
high humidity. may seen that 
reduction the relative humidity 
constant drying temperature 
early stages drying caused appar- 
ent increase the drying rate the 
organic-liquid-treated specimens. Be- 
cause the evaporative loss organic 
liquid from the specimens depends 
the partial pressure the organic li- 
quid vapors the drying atmosphere, 
and independent the relative hum- 
didity, water vapor must therefore have 
been absorbed the specimens dur- 
ing drying account for the apparent 
increase drying rate when relative 
humidity was lowered. The effect 
temperature reducing the surface 
tension, particularly the organic li- 
quids, must also considered factor 
the better behavior the specimens 
under oven drying. 

The relatively poor behavior the 
acetone-treated specimens during oven 
drying, compared with that speci- 


OVEN DRIED 


Table LIQUID REPLACEMENT DATA SERIES TEST 


Table 7. - COMPARATIVE’CONDITION OF SERIES Ii SPECIMENS AFTER DRYING 


Replacement liquid water Calculated voids 
Alcoho! content by volume after replacement remaining at 20°C. 
Drying Method (per cent) (per cent of OD wt.) (per cent) 
Treatment Oven Dried Kiln dried plus - 
Methanol 168.8 5.6 0.0 


Ethano! 113.6 
Ethylene glycol monoeihy! ether 9 4 sai 


Dioxane 


88.5 7.4 33.2 


lsopropanoi 
Acetone 4 2 


87.2 39.6 
Acetic acid solution 0 2 n-Buty 
G | 0 4 Tert. butyl 63.3 9.2 51.5 
reen contro 
a Tert. amy! 


* = Comparison is based on 11 point scale (0 - 10) in which 0 indicates severe checking and Green untreated contro! cae 132.0 14.2 


distortion and 10 indicates freedom from these defects. 


mens treated with other organic 
Acetone higher residual moisture content 


water replacement. The most importar 
difference between dioxane and EMI. 


with respect properties that may 
concerned drying behavior, thi: 
dioxane has lower polarity and 

electric constant than does EME, and 

slightly higher surface tension. Dic 
xane swelled the wood during 
ment, however. This indicates rela 
tively high affinity the chemical 
wood, which could affect drying beha 


vior. 
160° F- 40°F 


LIQUID CONTENT (PER CENT) 


Acetic acid solution was used 
cause has higher polarity thar 
water, and high 
Oven-dried specimens treated with this 
solution behaved the same the 


controls. 
TIME DRYING (DAYS) 
Shrinkage specimens dried under 
Fig. 8.—Net liquid loss during kiln drying replacement-treated California black oak ditic 
specimens inches cross section, inches fiber direction) Series (Liqiud two different shown 


loss expressed weight basis.) 


Fig. EME-treated specimens 
showed the least shrinkage all treat 
ments under both drying conditions. 
The total shrinkage, however, morc 

than that obtained ASTM methods; 
curred. this series, the total 


CZZZZ4 TANGENTIAL SHRINKAGE APPROXIMATE 


BECAUSE INTERNAL CHECKS age EME-treated blocks did not 
change substantially between oven dry- 
ing and kiln drying, although there 
showed increase total shrinkage 
kiln drying. Acetone-treated spe- 
cimens showed the most change 


age greater than that obtained stand 
ard methods developed mainly 
Fig. 9.—Average total shrinkage replacement-treated California black oak specimens leve ped nly 

inches cross section, inches fiber direction Series II. tangentia direction. 
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Table 9. - TOTAL SHRINKAGES OF ALCOHOL TREATED SPECIMENS (SERIES 111) 
AFTER OVEN DRYING FROM THE SATURATED CONDITION 


| e istillation er St istillati 
Radial Tangential Tan./Rad.| Radial Tangential Tan./Rad4 removed 


alcohol 


(percent) 
3.10 17.6 2.67 15.5 5.8 0.00 
| 


. amylo! 0.40 


series Drying Behavior 
Oak Treated with Alcohols: 
for the replacement treatments 
green California black oak are shown 
Table 

Although residual water after re- 
placement was low for all treatments, 
the volume liquid introduced the 
case the higher alcohols was not 
sufficient fill the majority fiber 
cavities. The possibility liquid-ten- 
sion collapse forces the full-cell type 
developing specimens treated with 
the higher alcohols must therefore 
left open 

Except for tertiary butanol and ter- 
tiary amylol, with which tangential 
shrinkage approximately percent 
was observed, the dimensional change 
the specimens the end the re- 
placement period was negligible. All 
alcohols therefore penetrated the fine 
structure the cell walls. 

Four specimens for each treatment 
were oven-dried constant weight, 
which was achieved Be- 
cause varying initial liquid contents, 
drying rates for the different treatments 
are not strictly comparable. Time taken 
reach percent liquid content 
varied from hours, the fol- 
lowing order treatments; methanol, 
ethanol, isopropanol, terti- 
ary butanol, green control, tertiary 
amylol, and With one ex- 
ception, these follow the order boil- 
ing points the liquids. 

the end drying, the condition 
all alcohol-treated specimens was 
excellent, with rating 10. The 
green controls were severely degraded 
and rated Fig. shows the 
dried 

The considerably improved perform- 
ince methanol-treated specimens 
this series, compared with that 
‘ow residual moisture content after re- 
necessary avoid drying 

Total shrinkages radial 
directions the dried 
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6.1 

6.2 1.86 

12.3 6.8 


butanol; 


rial are given Table Because 
the very low shrinkages obtained, par- 
ticularly with the higher alcohols, 
steam distillation 225°F. was per- 
formed cross-sectional wafers after 
they were oven dried remove resi- 
dual alcohols. The wafers were again 
oven-dried after distillation, remeas- 
ured, and their weight losses were 
determined. The difference between the 
weights the specimens before and 
after steam distillation was therefore 
the amount residual 
moved. Table shows that substantial 
amounts the higher 
mained the wood after the first oven 
drying. 

Several striking effects total 
shrinkage before distillation are appar- 
ent. The effect the alcohols was 
increase markedly the tangential 
radial shrinkage ratio upon subsequent 
drying. This was caused very effec- 
tive shrinkage prevention the radial 
direction. Total shrinkage the tangen- 
tial direction was generally more than 
the ASTM value. Some distortion 
the cells must have occurred. 
expected that shear stresses the 
rays would severe because high 
tangential radial shrinkage ratios, but 
these were apparently accommodated 
deformation rather than failure. 

Total shrinkage decreased 
gential radial shrinkage ratios in- 
creased markedly through the series 
alcohols, which indicates that the 
shrinkage-prevention effect 
gressively more pronounced the ra- 
dial direction. Shrinkage measurements 
unrestrained ray tissue California 
black oak Schniewind (unpublished 
report) show radial shrinkage 2.1 
percent. this basis, would 
necessary assume expansion 
the ray tissue, least the case 
the higher alcohols, explanation 
effect the chemicals ray tissue 
the primary cause the difference be- 
tween radial and tangential shrinkage. 
probable, however, that other 
concerned, 


JOURNAL 


Fig. replacement-treated California black oak 
specimens midsection after oven drying Series methanol; 
tertiary amylol; 


isopropanol; n-butanol; tertiary 
untreated controls. 


greater absorption chemicals lig- 
nin than cellulose (19). Until more 
known the specific effect or- 
ganic liquids wood, explanations 
must speculative. 


Data obtained after steam distillation 
the specimens show that, after the 
first oven drying, the residual alcohols 
were responsible for some reduction 
shrinkage. The increase shrinkage 
that resulted from their removal very 
much less than would occur the 
alcohols were removed from transient 
capillaries, however, particularly the 
case tertiary amylol. the alcohols 
were completely removed 
wood distillation, the total shrink- 
age would considerably less than 
would expected from its density 
the case the higher Four 
possible explanations the low total 
shrinkage, which reflected more 
the radial direction, are: 


The higher alcohols, because 
their relatively low affinity for cellu- 
lose, their large molecular dimensions 
(compared with water), and low sur- 
face tension, not 
ciently large tensions collapse all the 
fine, transient capillaries within the cell 
Their apparently strong retention 
can explained nipping the 
capillaries that the liquid molecules 
are held tightly between the cellulose 
chains and cannot emerge fer steric rea- 
sons. This supported the compara- 
tively small shrinkage that results from 
removal residual alcohols. 

The cell lumen decreases cross 
section upon drying, that some 
shrinkage internal. the other 
hand, the steaming treatment might 
expected recover the cell dimension, 
that final shrinkage should closer 
normal. Some indication recon- 
ditioning effect was apparent 
higher-alcohol treatments where radial 
shrinkage increased after steaming. 

Some alcohol strongly bound 
the noncellulose components the 
wood, and not removed steam dis- 
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GREEN UNTREATED BLOCKS 
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inches fiber direction) during oven drying from the saturated condition. (Liquid expressed 
weight basis.) 


TANGENTIAL 
© RADIAL 


E.M.E. (PER CENT 
SURFACE TENSION 


SHRINKAGE (PER CENT) 


Fig. water (after replacement) the total shrinkage madrone 
specimens inch cross section, inches fiber direction) after oven drying 
from the saturated condition. (E.M.E. expressed volume basis; surface tension 
mixture not corrected for temperature.) 


Table 10. - TOTAL SHRINKAGE AT OVEN DRY CONDITION OF THIN SECTIONS 1/8" LONG IN FIBER DIRECTION 
OF CALIFORNIA BLACK OAK AFTER REPLACEMENT OF WATER BY ORGANIC LIQUIDS, AND SUBSEQUENT 
DRYING UNDER MILD CONDITIONS 


Swelling or shrinkage| Residual water | Shrinkage before | Shrinkage after Residual liquid 
i on replacement | ofter replacement \steam distillation | steam distillation | removed 
(per cent) | (per cent) (per cent) 


Rad, Ton. 


Green controls | 


- ~ Shrinkage; + = Swelling. 


The liquids exert preferential 
antishrink effect the ray tissue. 


Evidence points explanations 
and 4), but further work required. 


interest that Merchant (18a) 
obtained high surface areas 
pulp when was dried two-stage, 
water-replacement technique which 
the final liquid was nonpolar hydro- 
attributed the large surfac 
area the dried pulp the low sur 
face tension the hydrocarbon, Thi 
mechanism may considered some 
what analagous shrinkage wood. 

With respect the effect alcohol 
collapse reduction, distinct fron 
cell-wall shrinkage, only methanol 
ethanol were introduced into the 
sufficient quantity for 
terms the full-cell 
theory. 


the end drying, although 
differences were apparent between spe- 
cimens treated with ethanol and meth. 
anol, the total shrinkage both 
radial and tangential directions wa: 
slightly less for ethanol specimens 
Both these liquids have surface tension 
values less than one-third that 
water. Whereas methanol has 
nity for cellulose similar that 
water (18), and swells wood only 
slightly less than does water, ethanol 
has considerably less affinity for cellu- 
lose, and swells wood only percent 
much does water. This suggests 
that the swelling power (or affinity for 
wood) the liquid may influence col- 
lapse, previously pointed out com- 
parisons EME, DMF, and dioxane. 

the case the higher alcohols, 
full-cell liquid tensions may not 
developed because the greater con- 
tent voids the cell cavities. How- 
ever, normal tensile-compressive type 
drying stresses would certainly cause 
cell-deforming stresses under oven- 
drying conditions. The effectiveness 
the alcohols reducing least this 
type deformation increased through 
the series with increasing molecular 
weights and decreasing swelling power 
the alcohols. 


Series IV. Drying Behavior 
Thin Black Oak Sections Treated 
with Alcohols, EME, Dioxane, and 
Acetone: determine the effect 
organic liquid replacements shrink- 
age wood that was not subjected 
specimens California black 
inch the fiber direction, and 1-14 
inch radial and inch tangential 
cross section, were treated. After liquid 
replacement, these specimens were 
dried room temperature and per 
cent relative humidity for three weeks 
before being oven-dried constant 
weight. After the samples were meas- 
ured, they were steam distilled re- 
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move residual liquids, and again oven- 
before final measurement. That 
specimens were not entirely free 
drving stresses during air drying could 
seen the very slight sinking 
radial surfaces. effect the 
vapor the air, therefore, 
entirely disregarded, partic- 
when the behavior specimens 
high-humidity kiln drying 

Treatment and shrinkage data for 
specimens are shown Table 10. 
Tie highest residual moisture content 
ater replacement was percent. 
Apart from some tangential swelling 
the EME and dioxane treatments, all 
treatments showed some shrink- 
particularly the tangential direc- 
tion, with maximum value 0.59 
percent for the 
stantial swelling the dioxane-treated 
specimens the tangential direction 
confirmed the results obtained 
Series 

With the exception the higher 
alcohols, shrinkage values before 
steam distillation were essentially sim- 
ilar among treatments, and agreec rea- 
sonably well with the shrinkage the 
green control specimens. apparent 
that, under drying conditions that min- 
imize drying stresses and collapse, only 
slight antishrink effects were obtained 
with the two highest alcohols the 
series. 

Not only did steam distillation 
the specimens remove the residual li- 
quids, but also the reconditioning effect 
the steam brought about recovery 
dimension, shown reduction 
shrinkage the controls. Removal 
the residual liquids would expected 
increase shrinkage the liquids 
were held the fine structure the 
wood similar manner water. 
Since this was not the case, prob- 
able that the organic liquids were 
trapped in, rather than bound the 
wood surface. 

After steam distillation, the only 
treated specimens that showed 
duced shrinkage compared with the 
controls were the tertiary 
amylol, and EME specimens; the dif- 
ference was slight. 

Although trend low final shrink- 
age, particularly the radial direction, 
apparent with alcohol treatments 
the present series, under mild drying 
conditions, the antishrink effect 
normal shrinkage cannot 
extraordinarily low radial shrinkage 
values obtained Series III. 

probable that the higher effec- 
tive surface tension the organic li- 
quids the lower drying temperature 
used for the thin specimens im- 
portant factor accounting for differ- 
ences from Series III total shrinkage 
values. 


a. 


Apart from the effect surface 
sion the liquids shrinkage, there 
some indication that the plastic and 
elastic behavior wood may 
altered when the water replaced with 
organic liquid. This characteristic 
may therefore expected modify 
the behavior the wood cells under 
collapsing and normal drying stresses. 
That cell deformation, under stress, 
fibers containing organic liquids may 
different from that cells contain- 
ing water indicated 
tests the effect organic liquids 
strength (7). His results showed that 
the strength wood impregnated with 
organic liquid was less than that 
wood that contained the same volume 
water. Measurements fiber-cavity 
dimensions before and after drying, 
and determination the extent 
chemical action the organic liquids 
wood are necessary before firm con- 
clusions can drawn. 


Series Liquid Gradients 
EME-Treated Tanoak During Oven 
Drying from the Saturated Condi- 
tion: obtain information re- 
placement liquid gradients 
pared with moisture gradients during 
drying, green tanoak specimens 
inches were treated with 
EME, and then oven-dried. 
moisture content the green material 
was 114 percent; after replacement, the 
residual moisture content was 0.9 per 
cent. Constant weight was achieved 
after hours oven drying. Speci- 
mens were free from distortion after 
drying, and were given appearance 
rating 10. Shrinkages the end 
oven drying were: radial, 4.46 percent; 
tangential, 10.47 percent; 
tudinal, 0.13 percent. comparison, 
the green, untreated specimens showed 
severe checking practically every 
broad ray during drying, 
checks gradually penetrated inward 
drying progressed. The blocks were 
completely ruined the end dry- 
ing. 

determine liquid gradients dur- 
ing drying, specimens were removed 
from the oven intervals and cut into 
shell, intermediate, and core sections 
inch The liquid content 
these sections was then determined 
weighing and oven drying. The grad- 
ients for the EME-treated specimens 
and the green controls are shown 
Fig. 11. 

The higher moisture content the 
shell section the green, untreated 
specimens the start drying re- 
sulted from storage the specimens 
under water. 

Although substantial 
ients, sufficient cause substantial ten- 
type 
occurred the EME-treated specimens, 
the appearance the gradients corres- 
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ponds with those found for water 
normally permeable woods. sugges- 
tions “wet was found, 
capillary movement the liquid was 
apparently not seriously impeded. 
quid began move from the center 
the specimens soon after drying 
started. 

Severity the moisture gradient 
during drying the green specimens 
was much more pronounced than 
specimens, although 
distinct was found. 

Green, untreated specimens showed 
the highest over-all drying rate, 
would expected from the lower 
viscosity, boiling point, and molecular 
size water. 

There little doubt that the sev- 
erity 
type drying stresses between adjacent 
zones thickness the wood was less 
for the replacement-treated specimens. 
Although was not possible eva- 
luate these stresses comparatively, 
reasonable assume that compression- 
shrinkage type collapse would also 
less for the 
mens. 


Series VI. Effect Residual Water 
after Replacement Drying De- 
fects: Duplicate specimens Pacific 
madrone, inch radial, and inch 
tangential cross section, and inches 
fiber dimension, were treated with 
EME various levels water replace- 
ment. 

contained the wood various treat- 
ment levels was made additional 
matched samples included the treat- 
ment for this purpose. These deter- 
minations showed that all samples 
were essentially saturated with the li- 
quid mixture the end the replace- 
ment treatment. 

Before they were oven dried, the 
specimens were wrapped aluminum 
foil and left for several days de- 
velop uniform distribution the EME 
through their cross sections. 

Total radial and tangential shrink- 
ages the specimens oven-dry con- 
stant weight, function the rela- 
tive proportions EME and water, 
are shown Fig. 12. 

Both total tangential 
shrinkages show curvilinear relation- 
ship the residual moisture the 
start drying. Small amounts EME 
not greatly affect the final total 
shrinkage, although the 
sion the EME-water solution de- 
creases more rapidly this stage than 
any other. 

apparent from the curves that, 
gain the full effect reduction 
total shrinkage, all the moisture the 
wood should replaced. Because most 
the moisture within the fine struc- 
ture the cell wall must replaced, 


eT. 


e- 
l- 
h 
O 


the replacement liquid the cell wall, 
rather than simply reduction sur- 
face tension, may involved with cell 
deformation. 


interest note that extra- 
polation the radial shrinkage curve 
zero residual moisture content indi- 
cates approximately zero radial shrink- 
age for complete water replacement. 


Although the accuracy the curves 
must yet verified with additional 
data, they confirm the trend ex- 
tremely low radial shrinkage that was 
found 
mens earlier series. 


similar relationship between dry- 
ing behavior and residual moisture ap- 
parently holds for methanol, because 
the poor results obtained Series 
which percent water remained 
after treatment. possible, however, 
that the critical amount residual 
water after replacement may vary with 
the particular replacement liquid used. 
further work was done acetone 
this stage, but probable that the 
relatively poor results obtained with 
this chemical Series were due 
the high residual moisture content 
percent. 


Conclusions 


Consideration the theory 
liquid-tension collapse, the 
ing the development liquid ten- 
sions capillaries, and sorption prop- 
erties suggested that the reduction 
liquid surface tension may reduce 
prevent collapse during drying. 

Exploratory tests were made 
evaluate this theory. The moisture 
hardwood 
blocks was replaced with selected 
quids essential saturation the 
wood. The wood blocks were then 
dried under high temperature, low 
relative humidity, and partial vapor 
pressures the liquids. Under these 
conditions, some treatments resulted 
complete freedom from drying defects, 
whereas untreated green blocks col- 
lapsed severely and were entirely 
ruined. 


The most satisfactory results un- 
der severe drying conditions were ob- 
tained with ethylene glycol 
ether, methanol, and ethanol. The 
higher alcohols also substantially pre- 
vented drying defects but, because 
complete saturation was not obtained 
their cases, expansion air bubbles 
within the wood could have been 
contributing factor preventing col- 
lapse. 

Less satisfactory results under 
severe drying conditions were obtained 
with dioxane, acetone, and dimethyl 
formamide, respectively. 


this suggests that specific action 


reduction collapse was ob- 
tained wood blocks that contained 
zinc chloride solution dilute acetic 
acid. 


Effectiveness the replacement 
treatment preventing collapse and 
drying defects depended upon the resi- 
dual moisture the wood after re- 
placement. This was established for 
ethylene glycol ether, and 
methanol. High residual moisture con- 
tent was the probable cause for the 
relatively poor behavior acetone- 
treated specimens, The fact that prac- 
tically all wood moisture must re- 
placed with organic liquid ac- 
chieve maximum shrinkage reduction 
suggests that modified intra-cell wall 
elasticity and plasticity may directly in- 
fluence drying behavior. 

The reduction collapse ob- 
tained with with comparatively 
low surface tension was qualitatively 
consistant with predictions from capil- 
lary theory. The relative swelling 
power the liquids wood also ap- 
peared important. All liquids 


penetrated the fine structure the 


wood, but dioxane and dimethyl for- 
mamide swelled the wood during re- 
placement measurably more than its 
original green tangential dimension. 
This indicates that chemicals with 
affinity for wood and swelling power 
beyond that water may less effec- 
tive reducing collapse. The mech- 
anics this characteristic relation 
collapse cause for speculation, and 
awaits confirmation and further inves- 
tigation. 


When the very low strength and 
.ity wood elevated tem- 
perature are considered, the reduction 
collapse during high-temperature 
drying replacement-treated blocks 
was considerably more than would 
expected from lowered surface tension 
Direct application the Kelvin 
equation does not appear valid, be- 
cause the size the organic liquid 
molecules relation probable pore 
dimensions. probable that mech- 
anisms other than direct surface tension 
effects are also involved. 


Distribution ethylene glycol 
monoethyl ether wood blocks dur- 
ing drying was observed comparison 
with moisture distribution green, un- 
treated blocks. The organic liquid grad- 
ient was sufficiently 
cause tensile-compressive type drying 
stresses, but the gradient was not 
marked the untreated blocks. 
Compression-set type collapse 
therefore less replacement-treated 
wood. 


10. antishrink effect was ob- 
served where higher series water- 
miscible alcohols were used replace 
ment treatments. This effect remained 


12. Hermans, 


18. Morrison, 


after steam distillation the wood 
blocks, and was most pronounced 
the radial direction specimens that 
had been dried under severe condi- 
tions. There were indications that, 
addition the effect surface ten- 
sion, modified plasticity the cell 
walls the presence organic 
quids may responsible. Further 
examination this behavior 
quired before satisfactory 
tion can offered. 
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Discussion 


Youngs (U. Forest Products 
Laboratory, Madison Wis.): Would 
possible and practicable develop 
further information the magnitude and 
tributing collapse means the slic- 
ing technique? such could done, 
might help distinguish between the rela- 
tive contributions compression 
and liquid tension stresses. 


Stephen Preston (University Mich- 
igan School Natural Resources, Ann 
Arbor, Mich.): order develop suffi- 
cient force collapse wood cell 
obvious that very high tension forces must 
exerted the membrane. Inasmuch 
these are exceedingly thin, the unit stresses 
these stresses can great enough reduce 
the size aperatures the membrane 
the point where they are, for all practical 
purposes, closed. How strong the mem- 
brane? What prevents from tearing when 
these forces are exerted 


Mr. Preston the paper presented, 
line distinction was drawn between col- 
lapse and set. wondering there 
difference these two 
phenomena. 


George Marra (Head, Wood Tech- 
nology Section Washington State Univer- 
ity, Pullman, Washington): 
explaining the actual 
hysical collapse wood masse. Casual 
the thought that all the cells in- 
olved collapsed unison though trig- 
‘ered simultaneously. This thought, how- 
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ever, untenable because known that 
the rate moisture loss not the same 
all parts board, hence collapse forces 
cannot develop equal intensity all 
cells throughout given zone. 


all cells not have the same col- 
lapse forces any one instant, the oppo- 
site idea comes forth that any one cell may 
reach collapse intensity ahead adjacent 
cells. For any one cell collapse 
self, then, must least partially separate 
itself from adjacent cells. This appears not 
the case since such separations be- 
tween individual cells are not evident, and 
also, the idea not consistent with the fact 
that collapsed wood can restored 
original dimension and original strength. 
Honeycomb-type ruptures, course, 
develop some species, but these occur 
between fairly large masses wood. 

middle-ground position this argu- 
ment suggests that cell arriving col- 
lapse intensity may physically restrained 
from collapsing adjacent cells until they 
themselves are ready collapse. this 
case, complex stresses appears exist 
which undoubtedly are adequate induce 
permanent deformation the 
some cells. These stresses appear all 
tensile and the sets, any, should 
the tension variety. Now, collapse 
masse take place, there must un- 
balance force; motion must ensue; and 
this motion must all one direction 
any particular localized zone. 


Dr. Ellwood—Reply Youngs. The ap- 
plication the slice technique drying 
stress analysis would certainly helpful 
partially answering this question. Our 
immediate future approach however will 
ascertain what other specific effects 
wood the replacement liquids may have be- 
sides effects reduction surface tension. 


Dr. Eliwood—Reply Preston, Ques- 
tion There little doubt that capillaries 
below certain size would essentially 
closed the forces involved. Barkas has 
presented mathematical expression for the 
limiting size capillaries necessary resist 
closure. There evidence knowl- 
edge, that tensions such would en- 
countered during drying have led the 
rupture the membrane the pits. Also, 
wood will recollapse resoaked after 
drying indicating that there has been 
permanent enlargement the maximum 
capillaries. There also direct proof 
that the pit membranes are the cause 
the high liquid tensions which may de- 
veloped. 


Dr. Ellwood—Reply Preston, Ques- 
Fundamentally, terms deformation 
the cell wall, there probably dif- 
ference between collapse and compression 
set. Rather, any difference exists, 
the mechanism which the deformation 
caused. There are some indications that 
compression set, due the interaction 
tensile compressive type drying stresses, can 
removed the reconditioning process 
the same manner liquid tension type 
collapse. the other hand have some 
circumstantial type evidence that the recon- 
ditioning process will not remove tension 
sets very readily. may not therefore 
entirely appropriate include tension set 
being similar nature. 


occurs masse although may appear this 
way. more probable that collapse occurs 
first the outer layers board and the 
resultant compressive stresses the inner 
zones the wood reinforce the liquid-ten- 
sion type collapsing forces 
quently occur there; the whole process oc- 
curring well above the fiber saturation point 
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and occurring relatively rapidly. not 
think that there any inconsistency about 
the concept cell collapsing and 
doing deforming adjacent cell walls with- 
out rupture. not inclined think that 
the overall stress complex one tension, 
otherwise how explain the large over- 
all reduction volume and particularly the 
large width reduction the surface zone 
board which has been subjected con- 
siderable tension the direction width. 
any event your comment does point 
the lack definite knowledge this area. 


Comments Correspondence 


Calvert (Ottawa Forest Products 
Laboratory, Canada). high temperature 
drying studies find that collapse was 
confined the heartwood and the inten- 
sity collapse was most pronounced 
the line juncture between the sapwood 
and heartwood. The darker the heartwood 
the more the collapse. 

The authors also suggest that elevated 
temperature the reduction collapse can 
sion alone. This concurs with information 
showing stress conditions for high tempera- 
ture drying where the pattern similar 
that lower temperature but where creep 
accommodates large proportion the 
stresses. This may regarded indica- 
tion that compressive stresses exert 
relatively substantial effect 
lapse. 


Dr. Ellwood: our belief that red- 
wood and incense cedar the amount col- 
lapse related the amount extrac- 
tives the wood which turn related 
the green moisture content. these two 
species the highest extractive content occurs 
the outer heartwood the butt logs and 
this the wood which prone col- 
lapse. The role extractives effecting 
important and are investigating. 

With respect collape high tempera- 
ture undoubtedly creep and relaxation play 
increasingly important part but the 
same time the resistance the wood cells 
liquid tension collapsing stresses would 
fall very low value and might 
expected that collapse would indeed 
worse. 


Products Laboratory, Canada.) Western 
red cedar, collapsing species, has high 
moisture and extractive content. The extrac- 
tives are often concentrated patches 
drying, collapse occurs these patches 
their immediate vicinity. One wonders 
whether the extractives are acting 
ticisers, thus allowing cell deformation. 

drying studies above the boiling point 
water, cedar shingles did not develop 
much collapse they did 
190°F. explanation for this 
the accelerated and extended vapor phase 
moisture movement. 

Dr. Ellwood. The red cedar apparently 
similar redwood and incense cedar with 
respect extractives and collapse. be- 
lieve the relationship reduction 
permeability result the presence 
extractives. The idea increased plasticity 
result their presence real pos- 
sibility and believe some our or- 
ganic liquids have this effect. 

interested learn that less collapse 
240°F. was obtained with your western 
red cedar than 190°F. Another explana- 
tion for this behavior could 
steam volatile components are removed 
240°F. thus increasing permeability and 
reducing collapse. 
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DECAY RESISTANCE AND DIMENSIONAL STABILITY 


Five Modified 


Five types modified wood—(1) wood impregnated 
with fiber-penetrating phenolic resin, (2) wood with hy- 
droxyl groups replaced with acetyl groups, (3) thermally 
modified wood, (4) wood cross-linked with formaldehyde, 
and (5) wood bulked with polyethylene glycol—showed 
good dimensional stability and decay resistance. Two 
causes for this resistance are (1) insufficient water can 
taken support decay, and (2) susceptible hydroxyl 
groups are removed blocked that decay enzymes can- 


Forest Products Laboratory, Forest 
Service U.S. Department 
Agriculture 


PRESENT COMMERCIAL methods 
for increasing the 
ance wood involve impregnating 
with toxic chemicals. Some available 
data, however, show the possibility 
imparting decay resistance wood 
other means. 

described experiments 
which resistance decay was pro- 
duced several types treatments 
that did not result the deposition 
toxic chemicals the wood. One 
type treatment, cyanoethylation, con- 
sisted chemical modification 
cellulose. The decay resistance the 
resulting product was explained the 
basis the inability the cellulase 
enzyme decompose the cellulose de- 
rivative. 

this paper shown that the 
decay resistance chemically modified 
wood may also explained the 
basis the inability the cell walls 
absorb moisture needed decay 
fungi. This presupposes that, even 
though water present the lumen, 
enzymatic degradation does not take 
place unless the cell walls themselves 
contain adequate moisture. While this 
conception not harmony with 
modern theories the mechanism 
the decay wood, the consistent rela- 
tion between decay resistance modi- 
fied woods and their 
interest. 

Other methods that modify 
chemical nature wood such 
way reduce the water vapor ab- 
sorption swelling significantly 
have been shown impart good decay 
resistance the wood (9, 11-17). 


The Authors: Alfred Stamm holds from 
the Calif. Institute Technology, and and 
PhD degrees from the Wisconsin. 
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€ ollege. 

Roy Baechler holds and 
chemistry from the University Wisconsin. 


not dissolve wood components. 


For example, when wood impreg- 
nated with water-soluble phenol- 
formaldehyde resin that penetrates the 
fibers and then dried and heat-cured, 
the hydroxyl groups are chemically 
blocked. result, the hygroscopic- 
ity, swelling, and susceptibility the 
wood decay are all reduced (15). 
Likewise, when the hydroxyl groups 
wood are replaced acetyl groups 
during the acetylation wood, its 
hygroscopicity, swelling, 
tibility decay are all reduced (16). 
When wood heated under condi- 
tions that cause the loss some water 
constitution together with other 
chemical changes, the 

When wood treated with formal- 
dehyde vapor the presence 
acid catalyst, the formaldehyde be- 
lieved form cross-links between two 
hydroxyl groups adjacent cellulose 
chains eliminating one molecule 
water, thus forming oxygen-carbon- 
oxygen bridge (17). 
such cross links believed the 
only way which the large reduction 
swelling can result from the addi- 
tion the small amounts chemical 
needed. Further evidence for cross- 
linking that the reaction reduces the 
dimension changes reducing the 
swollen dimensions rather than in- 
creasing the dry dimensions 
resin impregnation (15), acetylation 
(16), and other bulking agents. The 
swelling wood reacted with formal- 
dehyde reduced not only water 
but also dilute alkaline solutions and 
pyridine. This fact, which not true 
for heat-stabilized wood, makes ap- 
pear that formaldehyde 
volves cross-linking (12, 17) and heat 
stabilization does not (9). 

tion with the University Wisconsin. 

parentheses refer the Litera- 
ture Cited the end this report. 


Decay-resistance tests 
forms modified wood have includec 
different species wood different 
sizes and shapes. There was 
formity the way the decay tests 
made. some instances, the decay 
resistance could conceivably due 
residual toxic chemicals, such 
phenol, formaldehyde, such thermal 
degradation products wood fur- 
fural. With existing data hence 
impossible compare the decay resist- 
ance imparted wood different 
wood-modifying treatments 
conclude beyond doubt that they im- 
part decay resistance wood other 
than the normal way depositing 
toxic chemicals within the structure. 
The research here reported was there- 
fore undertaken investigate other 
treatments which decay resistance 
can imparted wood other than 
the presence toxic chemicals, and 
how various wood-modifying processes 
compare imparting this decay resist- 
ance when the tests are made 
matched material. 


Materials and Methods 


flat-sawn, straight-grained board 
Sitka spruce inches wide 0.5 
inch thick was cut into 0.5-inch lengths 
the fiber direction. stick- 
shaped specimens were randomized 
and used for most the investiga- 
tion. few tests were made 
series Sitka spruce cross sections 0.1 
inch the fiber direction cut from 
men, the annual rings which had 
minimum curvature and were parallel 
two opposite faces. 

Specimens both types were im- 
pregnated with aqueous solutions 
water-soluble phenol-formaldehyde re- 
sin different concentrations. The 
vacuum desiccator technique was used 
attain take-up solution about 
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equal the dry weight the wood. 
The specimens were then air dried, 
the resin was cured heating the 
hours. Resin contents ranging from 
percent were obtained. 

sets sticks were impreg- 
with 0.5 percent aqueous solu- 
tic zinc chloride and one set with 
same concentration sodium 
oride the vacuum desiccator tech- 
percent after ovendrying. 

set the specimens that con- 
zinc chloride was acetylated 
them the vapors acetic 
within desiccator placed 
ide oven heated 120° C., for 
hours. Acetyl content calculated the 
basis the increase the ovendry 
ranged from 0.5 percent. 

second set dry specimens im- 
pregnated with zinc chloride was cross- 
linked with formaldehyde vapor ex- 
posing them for times ranging from 
minutes hours over parafor- 
maldehyde within desiccator placed 
inside oven 201° Bound for- 
maldehyde content, determined colori- 
metrically the chromatropic acid 
method (4), ranged from 0.1 6.5 

third set specimens impreg- 
nated with dry zinc chloride, the set 
impregnated with 
and unimpregnated set were heated 
oven between brass plates 
180° for 0.5 hours. Losses 
weight due thermal degradation 
varied from 0.5 percent. 

mens was impregnated the vacuum 
desiccator technique with 8.7 63.7 
percent 
and was then conditioned equili- 
brium with percent relative humid- 
ity, weighed, and measured the tan- 
gential dimension with dial gage 
the nearest 0.001 inch. The specimens 
were then conditioned percent 
relative humidity and again weighed 
and measured. 

All the specimens except those 
impregnated with polyethylene glycol 
were ovendried, and the tangential 
dimensions the sticks and the tan- 
gential and radial dimensions the 
cross sections were determined. They 
were then immersed distilled water, 
the air them was removed eva- 
cuation, and the soaking was continued 
until they came swelling equilib- 
The dimensions were measured, 
ind the swelling was calculated from 
ovendry the water-swollen con- 
dition. Swelling was expressed terms 
the reduction swelling relative 
hat the untreated controls; that is, 
average swelling the controls, 
the swelling the treated spe- 
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cimen, divided the swelling the 

Half the water-logged specimens 
cross-linked with formaldehyde were 
soaked percent solution so- 
dium hydroxide for day. All the 
water-logged specimens were then 
leached with running tap water for 
weeks, conditioned percent rela- 
tive humidity, and weighed. 

All the specimens, including 
those impregnated with polyethylene 
glycol, were subjected the standard 
soil-block culture test (1) for 
months after they were inoculated with 
Lenzites trabea 517. The fungus myce- 
lium then was brushed off, 
specimens were again conditioned 
percent relative humidity and 
weighed determine the loss 
weight due decay. the case 
the specimens impregnated with poly- 
ethylene glycol-1000, the chemical 
water and some leaches from 
the block during the test, that the 
loss weight was not index 
the extent decay. this case, the 
extent decay was qualitatively 
judged determining the ease with 
which knife could penerate the struc- 
ture. 

Agar cultures (2) were made with 
varying amounts 
glycol-1000 incorporated the agar 
glycol content above which fungus will 
not grow. gel was obtained only 
concentrations below percent 
weight. 


Experimental Results 

Fig. gives the relationship between 
the square the fractional reduction 
dimension changes and the intro- 
duced chemical content for the Sitka 
spruce sticks. The square the reduc- 
tion swelling and shrinking 
plotted preference the reduction 
swelling and shrinking, because 
gives initially linear rather than 
parabolic relationship. The slope 
the plot for cross-linking 
maldehyde about seven times 
steep those for the other three treat- 
ments, which reduce dimension 
changes bulking the fibers (17). 

Fig. gives the relationship between 
the square the fractional reduction 
swelling and the weight loss the 
sticks resulting from thermal degrada- 
tion, Initially, the relationship linear 
and the same for specimens contain- 
ing zinc chloride, 
and catalyst. Weight loss attained 
more rapidly, however, the presence 
zinc chloride catalyst than sodium 
chloride, and more rapidly the pres- 
ence sodium chloride than when 
catalyst used. 

cent and reduction swelling 
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Fig. 1.—Relationship between the square 
the fractional reduction swelling 
shrinking and the chemical content Sitka 
spruce when acetylated, treated with pheno- 
lic resin polyethylene glycol, and cross- 
linked with formaldehyde. 
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Fig. 2.—Relationship between the square 
the fractional reduction swelling and 
the weight loss for heat-stabilized Sitka 
spruce with and without catalyst. 


percent for the catalyzed thermal reac- 
tion, sharp break occurs the ini- 
tial relationship. For the uncatalyzed 
thermal reaction, the break occurs 
percent loss weight and per- 
cent reduction Seborg, 
Tarkow, and Stamm (9) had found 
similar break the plot occur 
percent reduction swelling for 
catalyst-free wood heated air. They 
showed that heating closed system 
which volatile products could not 
escape gave continuously increasing 
reduction swelling. Evidently, the 
nature the thermal reaction changes 
above the break the curve re- 
sult loss volatile products. 

Fig. gives the 
tween the loss weight the speci- 
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TO DECAY (PERCENT) 


LOSS IN WEIGHT DUE 


REDUCTION SWELLING (PERCENT) 
Fig. 3.—Relationship between loss weight due decay and re- 
duction swelling Sitka spruce treated with phenol-formaldehyde 


resin. 


mens impregnated with phenol for- 
maldehyde resin after being subjected 
decay for three months and the 
reduction that resulted 
from the original treatment. The per- 
centage weight loss for the cross sec- 
tions was greater than that for the 
sticks, presumably because the greater 
surface-to-weight ratio the cross sec- 
tions accelerated the rate decay. 
Under conditions where little 
decay took place, the size and shape 
the specimens loses importance. 
dimensional stabilization percent 
more corresponds practically com- 
plete elimination decay for speci- 
mens both shapes. 

Fig. gives similar relationship 
for the acetylated sticks. Here, too, de- 
cay practically eliminated when the 
reduction swelling exceeds per- 
cent. 

Decay was practically eliminated 
the case the heat-stabilized wood 
reductions swelling about per- 
cent, shown Fig. The ther- 
mal reaction with zinc chloride catalyst 
present seemed slightly more 
effective reducing decay than when 
catalyst was present under the more 
drastic heating conditions. Data for 
the thermal reaction beyond the break 
the plots Fig. are omitted from 
Fig. avoid confusion. The loss 
weight due decay was small, even 
though there was reversal the re- 
duction swelling. These specimens 
were fragile that they could hardly 
handled. 

Fig. shows that loss weight 
due decay occurs for all specimens 
which swelling reduced per- 
cent more formaldehyde cross- 
linking. This level dimensional 
stability attained with little 
2.5 percent combined formaldehyde. 

The formaldehyde cross-linked spe- 
cimens leached with percent so- 
dium hydroxide solution before being 
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leached with water gave results com- 
parable those obtained with speci- 
mens that were leached only with 
water. This good indication that 
any condensed 
which soluble sodium hydroxide, 
was effectively removed the water 
extraction alone. thus highly im- 
probable that any the decay resist- 
ance shown Fig. due resi- 
dual formaldehyde polymer. 

The decay resistance the speci- 
mens treated with polyethylene glycol- 
1000 could not determined the 
weight loss, was the case the 
other treatments, because the water 
solubility the chemical. was hence 
judged qualitatively the ease with 
which knife would penetrate the 
structure. Specimens containing least 
1000 showed sign decay. Speci- 
mens containing only 8.6 percent 
showed slight decay, whereas the con- 
trols were badly decayed. 

Tests were made the toxicity 
polyethlene glycol-1000 the agar- 
method (2). The chemical 
showed toxicity low concentra- 
percent, feeble growth was ob- 
concentrations approaching 
percent, the limiting concentration 
which gel was formed, growth 
was entirely inhibited. Inoculum 
squares from the high concentrations 
failed grow when transplanted 
plain nutrient agar slants. This appar- 
ent toxicity high concentrations 
probably due osmotic effect 
which the tendency the polyethylene 
glycol dissolve water actually de- 
hydrates the fungus the point that 
has lost its activity even after trans- 
fer growth conditions. 


Discussion 


All five types wood-modifying 
treatments investigated impart dimen- 
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40 50 6 70 


REDUCTION SWELLING (PERCENT 
Fig. 4.—Relationship between loss weight due decay and re- 
duction swelling acetylated Sitka spruce with percent zinc 


sional stability and decay resistance 
wood. Because the severe leaching 
which the specimens were subjected 
before the decay test, highly im- 
that the decay resistance 
sulted from residual toxic agents the 
explain the reduction susceptibility 
decay some other way. 

The simplest case, that acetyla- 
tion, considered first. can seen 
from Figs. and that decay prac- 
tically eliminated when the con- 
tent above percent. The optimum 
weight increase cellulose due 
the replacement the three hydroxyl 
groups per anhydroglucose unit with 
acetyl groups percent 

162 100). 
The optimum weight increase lig- 
nin due the replacement its three 
hydroxyl groups per repeating unit 

(59-17) 
840 
Spruce wood, with combined cellu- 
lose and hemicellulose content 
percent and lignin content per- 
cent, should give optimum weight 
increase due acetylation 60.5 per- 
cent. Decay thus practically elim- 
inated when percent the opti- 
mum acetylation occurs, percent 
the hydroxyl groups have been re- 
placed. 

solid-phase heterogeneous reac- 
tion, such the one used, acetylation 
will first occur the amorphous 
gions cellulose and the surfaces 
mated that percent the hydroxyl 
groups wood occur these acces- 
sible regions (10). thus highly 
improbable that any readily available 
hydroxyl groups still remain the 
wood attacked decay organ- 
sims. Since the susceptibility wood 
decay dependent the availabil- 
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Fig. between loss weight due decay and 
reduction swelling heat-stabilized Sitka spruce. 


ity hydroxyl groups, not sur- 
prising that, the percent weight- 
increase level acetylation, wood does 
not tend decay even the presence 
adequate water. 

The immunity wood decay 
the percent level acetylation can 
also explained without taking into 
account the chemical change caused 
the acetyl groups. has been previ- 
ously shown that acetylation reduces 
swelling wood result bulk- 
ing the fiber (16). The swelling 
reduced percent when the weight 
increase due acetylation per- 
cent (Fig. 2). This amount swell- 
hygroscopicity about percent 
(16). The cell walls wood thus 
cannot take more than percent 
moisture, assumed that the 
wood has fiber saturation point 
percent. Various tests have shown 
that moisture content about 
percent necessary support decay 
(6). Thus insufficient 
available within walls, even 
the presence free water, sup- 
port decay. 

water-soluble 
phenol-formaldehye resins used for 
wood impregnation are believed 
consist originally mixture 
phenol alcohols with one three re- 
active alcohol groups (5). When the 
resin cured heating, the alcohol 
groups react with each other, eliminat- 
ing water, form three-dimensional 


oxygen-bridged polymers. improb- 


able that this very specific reaction will 
take place between the hydroxyl groups 
cellulose and phenol alcohols. 
possible, however, for hydrogen bonds 
form between the hydroxyl groups 
cellulose and the phenol alcohols. 
The theoretical maximum weight 
increase that could occur when three 
phenol dialcohols are hydrogen-bonded 
the hydroxyl group 
the three hydroxyl groups 


Fig. 6.—Relationship between loss weight due decay and re- 


cellulose per anhydroglucose unit, with 
loss water curing, 247 percent 
(151-18) 
162 
For lignin, the increase would 
(151-18) 
100), 
and for spruce wood, 191 percent. 

was shown during the discussion 
acetylation that only half the 
hydroxyl groups wood exist the 
amorphous regions and the surface 
the crystallites. half these 
may mutually satisfy each other 
through hydrogen bonding. Only one- 
quarter the hydroxyl groups may 
thus available for hydrogen bond- 
ing resin, for weight increase 
percent. This still considerably 
more than the percent resin that 
taken wood saturate the 
fibers. thus appears that phenol 
alcohol group cannot taken 
each available hydroxyl 
sumably because stearic hindrance. 
Because this discrepancy, physical 
rather than chemical explanation for 
the decay resistance should sought. 

phenolic resin with 
1.27 (14) could completely 
replace water within the cell walls 
swollen wood, the takeup resin 
should percent and there should 
subsequent swelling the resin- 
treated wood. The best reduction 
swelling attained percent, and 
that occurring the inflection point 
Fig. percent. This indicates 
that the resin within the fiber contracts 
percent curing, and hence 
this amount subsequent swelling 
possible. These values are close the 
amount which the theoretical resin 
content exceeds the actual resin con- 
tent percentage basis, namely, 

decay practically eliminated when 
the resin-forming components com- 


100). 


46.5 percent 


percent 


thus appears that 
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duction swelling formaldehyde cross-linked Sitka spruce with 
percent zinc chloride catalyst. 


pletely replace the water swollen 
wood and are then cured. 

Besides mechanical blocking the vir- 
tual elimination decay can ex- 
plained the basis the reduction 
hygroscopicity, which makes im- 
possible for the cell walls take 
enough water support decay. This 
follows from the fact that the hygro- 
scopicity and swelling are reduced 
practically the same amount the 
case acetylation. 

When wood heated the point 
where some thermal degradation oc- 
curs, water constitution and small 
amounts carbon dioxide are given 
off. the early stages, about per- 
cent the weight loss that water 
(7). The hemicellulose portion the 
wood thermally degraded most rap- 
idly, followed cellulose portion and 
then the lignin (11). the early 
stages thermal degradation, the 
effect lignin can neglected. 

the early loss water from the 
combined hemicellulose and cellulose 
portion the wood (72 percent) 
assumed involve the formation 
internal ethers some other rear- 
rangement product, the optimum 
amount water that can lost 
this way molecules water from 
two anhydroglucose units, 16.7 
cent the carbohydrate percent 
the wood. Decay 
eliminated when the total weight loss 
due the thermal reaction resulted 
percent weight loss (Figs. 
and 5), water loss 8.3 
percent. This weight loss accounts for 
percent the possible weight 
loss that could occur forming -in- 
ternal ethers. would expected 
that the loss water constitution 
would occur first from the free 
hydroxyl groups and later 
hydrogen bonded hydroxyl groups 
within the crystallities. 

The experimental weight loss 


water constitution necessary prac- 
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tically eliminate decay will account for 
conversion all the readily avail- 
able hydroxyl groups internal ethers 
some other rearrangement product, 
together with about half the 
hydroxyl groups the crystallites. 
This considerably greater than the 
proportion the hydroxyl groups that 
had eliminated acetylation. 
The difference might explained 
follows: 

The loss water constitution 
may not have been entirely due 
splitting out water between two 
hydroxyl groups. Part may have 
been between single hydroxyl groups 
and adjacent hydrogen atoms. the 
reaction were entirely the latter 
type, the experimental 
would have occurred 
many hydroxyl groups. 

The decay resistance the thermally 
changed wood can also explained 
the basis the reduction hygro- 
ponds pratcically complete elimina- 
tion decay, whereas reduction 
percent was required with both 
acetylation and resin treatment. This 
probably because the latter reduction 
which opens the cellwall structure 
and makes more accessible decay. 

the case the formaldehyde- 
treated wood, may suspected that 
the small amount chemical required 
prevent decay because part all 
the formaldehyde present the 
form toxic polymer that 
Reese (8) has discounted this possibil- 
ity for formaldehyde-treated cotton 
and rayon containing percent 
combined formaldehyde. showed 
that, mixing the treated 
which showed decay, with untreated 
cellulose that decayed readily, the at- 
tack the organisms 
tional the amount untreated cel- 
lulose present. formaldehyde were 
present insoluble polymer, 
should have prevented decay re- 
sult slight vapor pressure for- 
maldehyde throughout the mixture. 
This further support for the belief 
that all the formaldehyde the 
leached specimens reacted with the 
wood, probably the form cross- 
links between structural 

all the hydroxyl groups cel- 
lulose could cross-linked with for- 
maldehyde, three cross-links would re- 
sult for every two anhydroglucose 
units. The weight formaldehyde re- 
acted with the cellulose would 27.8 
162 
reacted with lignin would 5.35 per- 


percent 100), the weight 


cent (sy 840" 100), and the weight 


reacted with wood would 21.5 per- 
cent. From Figs. and can 
seen that only percent formalde- 
hyde needed virtually prevent de- 
cay. This only 9.3 percent the 
theoretical total needed eliminate 
all hydroxyl groups, 18.6 percent 
that necessary eliminate all read- 
ily available hydroxyl groups 
amorphous regions and the surface 
the crystallites. This far short 
the amount cross-linking that would 
needed prevent decay the basis 
elimination available hydroxy] 
groups. 


The virtual elimination decay 
such low level removal 
droxyl groups thus appears due 
the cross-linking, which ties the struc- 
tural units the wood together 
effectively that the enzymes decay 
organisms are prevented from entering 
the structure. This not surprising 
when realized that these cross- 
links effectively minimize the entrance 
water into the cell 

Decay virtually prevented when 
the swelling reduced about 
percent. This only little over half 
quired for acetylation and resin treat- 
ment eliminate decay. The two lat- 
ter treatments, stated before, in- 
volve bulking, that more stabiliza- 
tion necessary keep the actual 
separation the structural units be- 
low minimum beyond which fungus 
enzymes can penetrate the structure. 


the case the wood treated with 
polyethylene glycol, the 
ance must due some physical ef- 
fect, since the chemical small con- 
centrations not toxic and does not 
react with wood, evidenced the 
ease with which can leached from 
the wood. The fact that agar gels con- 
lene glycol not support fungus 
growth agar flask tests can ex- 
plained the basis osmotic ef- 
fect the polyethylene glycol, which 
takes sufficient water from the fungus 
prevent their future growth when 
transplanted plain nutrient agar 
slants. 


The effectiveness polyethylene 
glycol when present wood the 
extent percent (corresponding 
reduction the shrinkage 0.58 
normal (Fig. 1)) preventing de- 
cay can explained the basis that 
there insufficient water within the 
cell walls support decay even when 
the wood completely swollen 
water (about percent). 

summary, the virtual elimination 
decay acetylation and the 
thermal reaction can explained 
the basis that readily available 
groups are replaced nondecay- 


susceptible groups. The virtual elimina- 
tion decay attained depositing 
phenolic resin within the structure and 
cross-linking with formaldehyde 
can explained the basis that the 
hydroxyl groups are physically blocked. 

Only the polyethylene glycol treat- 
ment’s effectiveness preventing de- 
cay can explained osmotic ac- 
tion basis, and even this case there 
some possibility that the chemical 
forms loose chemical bond with the 
cell wall. 
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Fig. 1.—Initial control charts, with control limits based within-part variation (R). 
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Pennsylvania State University, University Park, Pa. 


ANYONE FAMILIAR with the art 

science quality control, the 
presence the name Shewhart 
somewhat indicative what fol- 
low. customary begin discus- 
sion this nature with definition 
quality control followed suitable 
example involving dice that serves 
evidence that there such thing 
probability and that the results 
series dice rolls conform pattern 
that may described system 
chance causes. this point, the con- 
cept control chart introduced 
into the dice game with suitable refer- 
ences. 


The next step direct attention 
some problem that interest 
the woodworking industry. 
control chart shows complete lack 
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Look for these problems applying control-chart tech- 
niques machining processes: (1) narrow control limits, 
with many out-of-control points; (2) difficulty providing 
gauges equalize within- and between-setup variation; 
(3) the need gain control without expensive gauges; and 
(4) the need for system determine proper machine 


setup quickly. 


control; description the action 
taken, and picture which 
the points the chart are securely 
within the control lines. The conclu- 
sions include account the poten- 
tial dollar savings that result from this 
procedure. 

The person persons who present 
such paper are congratulated. 
With deceptive ease they have de- 
scribed process that requires hard 
work, experience, and intelligence 
complete successfully. Their experience 
now available many, and would 


Authorized for publication Oct. 20, 1958, 
Paper No. 2304 the Journal Series the 
Pennsylvania Agricultural Station, 
received the Forest Products Journal March, 
1959. 


interesting and perhaps worthwhile 
consider its effect their audience. 
drawn, typical reaction 
might follows: saves money. 
The computations are simple. will 
help with current problem. 


Books are purchased, short courses 
attended, exercises are solved. With 
the admonitions regarding organiza- 
tion, human relations, and the need 
for care choosing starting point 
kept mind, the construction con- 
trol charts begun. What happens 
next may best illustrated con- 
sidering case history which the 
newly acquired principles statistical 
quality control are applied 
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controlling the dimensions 
that are produced two molders 
the machine room medium-sized 
furniture plant. 

initial problem setting con- 
trol charts for these machines that 
they are used many different sizes 
and kinds parts, the lot size 
which small—between 100 and 400 
pieces. Obviously not feasible 
maintain separate chart for each ma- 
chine run for each type part, nor 
charts for each part. Unless this prob- 
lem has been considered beforehand, 
can cause difficulty. eventually be- 
comes clear, however, that third al- 
ternative originally proposed Ginn 
and Bethel (1), available. 
single chart may used for each ma- 
chine, and measurements for all types 
and sizes parts may charted 
terms plus minus from the spe- 
cified dimension. 

The decision made use sub- 
groups and the collection data 
begins. Five successive pieces the 
same part are measured the same 
relative position and recorded the 
necessary forms. After sufficient sub- 
groups have been accumulated, the 
means, mean means, the mean 
range and the upper and lower control 
limits are computed means the 
equations that are found any stand- 
ard reference statistical quality con- 
trol (3). When this information 
presented control chart form, ap- 
pears Fig. Apparently wise 
choice was made the machines 
studied, for there doubt that the 
chart out control. fact, these 
charts probably are different from any 
illustrated example. The 
combination narrow control limits 
and majority points outside these 
limits can both confusing and dis- 
couraging. the charts are re-exam- 
ined, will noticed that the 
charts show reasonable state con- 
trol. This observation combined with 
the recorded experience others 
good intuition leads the conclusion 
that the out-of-control situation due 
the inability the machine oper- 
ator set his machine correctly. 
this point possible use direct 
approach try bring the process 
into control supplying the machine 
operator with more accurate gauges 
and insisting that they used prop- 
erly. future progress the introduc- 
tion statistical quality control de- 
pends this initial venture, however, 
may well consider the infor- 
mation hand more thoroughly 
sure that the indicated action 
sound, and assess the possibilities 
any reasonable alternatives. 


parantheses refer the Litera- 
ture Cited the end this paper. 


basic tenet the use Shewhart 
Charts that some system 
chance inherent any par- 
ticular scheme production, and that 
the reasons for variation outside this 
stable pattern may discovered and 
corrected (2). Fig. the presence 
stable system difficult detect. 
any chart where there appears 
complete lack control, the man- 
ner which the subgroups have been 
chosen should re-examined. con- 
trol chart designed answer the 
question the variation among sub- 
groups consistent with the variation 
groups chosen the manner described, 
the question asked is, the variation 
between parts consistent with the varia- 
tion within parts?” The answer sup- 
plied the charts Recon- 
sideration the method choosing 
subgroups shows that reasonable 
expect such answer. The varia- 
tion within subgroups limited the 
variation that exists 
pieces given part. These pieces are 
essentially the same size and were 
produced single machine setup. 
the other hand, the between-sub- 
group variation includes the variation 
contributed machine setup and part 
size. This line reasoning leads once 
again the conclusion that better 
setup techniques would improve the 
situation. Since the range charts are 
control and the control limits the 
chart are function the mean 
range, this implies that will neces- 
sary set the machines that the 
variation between setups consistent 
with the inherent machine variation. 
The question arises whether 
not this possible and so, 
desirable. 


sary consider the problem toler- 
ances. The attitude the wood in- 
dustry toward tolerances subject 
many influences. Two the most com- 
mon are, the interpretation the term 
tolerances the sense that stated toler- 
ances imply consistent departure from 
the specified dimension rather than 
limits departure, and the concept 
that since wood shrinks 
with changes moisture content, 
useless machine parts closely and 
then have the results nullified the 
change. Extremes within the industry 
are represented the piano-action 
manufacturer who uses gauges and 
works tolerances 0.005 inch, 
and the furniture manufacturer who 
uses rules calibrated 1/32 
inch, and claims produce parts ex- 
actly equal the print dimension 
4,5). Although relatively simple 
argue the case for tolerances, 
difficult state what these tolerances 
should be. Realistically, the tolerances 


set any specific part should depend 
service and the capability the proc- 
ess used produce it. 

situation such the one under 
discussion, process capability func- 
tion machine capability and setup 
capability. For the machines charted 
Fig. the machine capability may 
estimated from using com- 
measure this value (Table 1). 
These values may considered, 
the minimum economic tolerances that 
could obtained without overhauling 
replacing the molders. The process 
capability stands now may esti- 
mated where o’, the 
standard deviation the individual 
measurements. Bethel and Hader (1) 
have shown that computed from 
the equation 


b 
n 
where 
between set-up variance 
b 


number samples per set-up. 


the data under consideration, 


w 
small and large, thus o’, 


2 


essentially equal and may 


computed directly from the individual 
measurements (Table 2). statistical 
purist may question this approach 
the basis the lack normality 
the original data, but many statist- 
ical ventures normality the exception 


rather than the rule, and this in- 


stance the lack normality not 
serious consequence. 

this point, two courses action 
are available. attempt may made 
control the process terms the 
within—setup variation consider- 
able improvement the setup proce- 
dure, the process may controlled 
means limits that include both 
the within- and 
tion. Before either these approaches 
accepted, would well con- 
sider other possibilities such con- 
trolling the production meet 
given standard, that is, within stated 
tolerances. 

stated tolerance 1/32 inch 
value that well within the indicated 
machine capability, yet not being at- 
tained except the case the width 
dimension Molder No. review, 


the situation follows: and 
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able 3.—DISTANCE EXPRESSED 
MULTIPLE THE MACHINE 
VARIABILITY 


Machine Dimension D 

Thickness 

Thickness 8 


have been maintained; the 


control; with assumed toler- 
1/32 the difference between 
specification limits Xmin) 

greater than Such situation 
odified control chart which the 
and lower control limits are re- 
upper and lower reject 
mits, which are located distance 
from the upper 
aad lower tolerance limits (3). such 
chart were prepared for the width 
dimension Molder No. would 
appear shown Fig. The use 
modified control chart would result 
high proportion the parts being 
machined within the chosen toler- 
ances and the same time permit some 
latitude the setup procedure. 
long the average the subgroup 
averages for any particular setup did 
not fall above line below the 
system would produce acceptable parts. 
Such chart would not supply evi- 
dence whether not the overall 
cutting process was statistical con- 
trol. Likewise, the usefulness the re- 
ject limits dependent upon good 
estimate and upon the machine 
dispersion remaining statistical con- 
trol. Because this, would neces- 
sary maintain chart along with 
the modified control chart, and re- 
view the estimated value from 
time time. 


Controlled production 
cified tolerance limits the sizing 
operations medium-sized furniture 
plant further complicated short 
runs. The opportunities act con- 
trol chart information making ad- 
justments bring the output into con- 
trol are limited. many instances, 
the time this information available 
the machine setup has been changed 
and the out-of-control situation for the 
previous setup does not hold for the 
current The ideal control system 
would one that could used not 
only control production but also 
not the machine should re-set 


Table 1.—MACHINE CAPABILITIES ESTIMATED FROM 
THE AVERAGE RANGE 


Machine Dimension R 
Molder No. 1 Width 0.0092 
Thickness -0044 
Molder No. 2 Width .0060 
Thickness -0041 


Fig. 2.—Modified control chart, showing 
the use reject limits. 


allowed run once machine setting 
has been made. The following proce- 
dure one way which this 
done. 


initial step, 1/32 inch will 
accepted the desired tolerance for 
the item being produced. setup chart 
such shown Fig. would pre- 
pared for each machine. The center 
1/64 are lines that may referred 
setup lines. The upper and lower 

.03125 
control limits are located 
These are based assumed sub- 
group five. The tolerance lines 
could put the chart 1/32 
inch desired. 


The use the chart quite simple. 
The machine operator, 
run, will set the machine the 
specified dimension, run through the 
part, measure and plot the measure- 
dimension. two successive points 
fall within the lines, 
allow the machine continue run. 
point falls outside these lines, the 
machine reset until two suc- 
cessive points fall within the lines. 
were very small compared 
the distance between the setup lines 
and the tolerance lines, the probabil- 
ity such setup yielding material 
outside the tolerance limits would 
very small, provided that the proc- 
ess operating control. 


insure that the process oper- 
ating control, the floor inspector 
would periodically measure five parts 
and plot the average dimension the 
control chart. The sample should in- 
clude all items produced the same 
machine setup. 

conventional range chart may 
based the average range 
subgroups five. This chart would 


Minimum 

machine 

tolerances 
Machine 

0.0039 0.0117 Molder No.___ 

.0078 Molder No. 
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Fig. 3.—Proposed modified control chart. 


indicate whether any change with- 
in-setup process dispersion 
curred. This control chart technique 
would not easily detect shifts process 
mean when cause something other 
than poor setup. 


Conclusions 


The foregoing procedure has been 
challenged the basis the arbitrary 
choice setup lines and the manner 
which the upper and lower control 
limits were chosen. both instances, 
the major criticism was that the location 
the setup and control limits was made 
without reference process capibility. 
This not entirely valid. The value 
1/64 was chosen because its rela- 
tionship (machine variability). 
times the molder variability. addi- 
tion qualifying under this criterion, 
also convenient value since 
appears well-defined value the 
rules used the plant from which 
these data were collected. The control 
limits are rather tight and are refer- 
enced the nominal dimension rather 
than the process average. This may 
justified since has been shown 
that the machines themselves are quite 
capable producing parts within 
these limits the setup properly 
made. Locating these limits either 
side nominal dimension rather 
than the usual position based the 
this average conform with the spe- 
dimension. quite possible 
that such system too severe for 
process with tolerances 1/32. 
this case, the setup line could moved 
closer the tolerance limits, with the 
distance between the two being chosen 
that there known risk produc- 
ing parts outside the tolerance limits. 


This somewhat tortuous path has 
been described order give the 
reader some idea the problems that 
will encountered applying con- 
trol-chart techniques machining 
processes the woodworking industry. 


Table 2.—STANDARD DEVIATION AND NATURAL TOLERANCES FOR 
TWO MOLDERS COMPUTED FROM INDIVIDUAL MEASUREMENTS 


Standard Natural 
Number of — deviation tolerances 

Dimension observations a's (3e’ 
Width 160 0.0199 
Thickness 140 0.0165 
Width 240 0.0092 +0 .0276 
240 0.0167 +0.0501 
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almost inevitable that these prob- 
lems will include: narrow control 
limits when based machine capabil- 
ity, with the result that there are num- 
erous out-of-control points; 
culty providing suitable gauges 
that the variation between setups can 
the variation within set-ups; the 
need gain some semblance con- 
large expenditure for 
gauging equipment; and the need 


devise system that will determine 


whether not machine properly 
setup, and allow corrective action 
taken before the run complete. 
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THE TECHNOLOGY INVOLVED 
Using Elastomeric Adhesives: 


Four basic types 
elastomeric adhesives are 
use. Though low 
creep resistance and often 
slow curing, they 
have high impact resist- 
ance. Elastomers fill 
important need, but are 
often misused. 


means new. Neither are the prin- 
ciples that brought them into being. 
Although the early forms that became 
commercially important were not fully 
appreciated, either accomplish- 
ments the reasons for success, 
they did solve some unusually difficult 
adhesion problems and are still con- 
tinuing so. Like most technol- 
ogies with which deal today, elas- 
tomeric adhesives received their great- 
est impetus the result the mili- 
tary needs the World War II. This 
not only greatly enlarged the fields 
application and spurred the search for 
wider range more 
compositions, but brought about 
better and more complete understand- 
ing what these adhesives accomplish 
and how they it. 


The Author: Charles Hem- 


HEMMING 


Plywood Corp., Brewster, 
New York 


Why Elastomeric Adhesives? 


There are two principle excuses for 
the existence elastomeric adhesives. 
They accommodate adherends with 
widely different expansion-contraction 
behavior, and they accommodate ad- 
herends with widely different polar 
natures. Very often single pair ad- 
herends will require adhesive that 
meets both needs. Such adhesives also 
allow the formulator develop, the 
fullest, sort mechanical impedance 
matching effect first pointed out 
Turner the National Bureau 
Standards. 


also this family adhesives 
that has given rise the presently 
popular materials that produce bonds 
upon contact, and thereby free the 
user from the need furnish pressure 
for more than momentary period. 


Eight distinct types elastometrics 
are presently recognized, although two 
them are special cases, and two 
others involve techniques rather than 
different adhesives. The special cases 
are simple rubber cements rarely used 
structural work with rigid ad- 
herends, and the elasto-plastic based ad- 
hesives, which are often excluded from 
discussions elastomeric materials be- 
cause their greater “glue 
rigidity. The two that involve tech- 
niques are the two-step system 
bonding and the procedures that re- 
quire priming one surface. This 
leaves the rubber-latex protein adhe- 
sives, the elastomer-phenolic adhesives, 
the so-called contact cements, and the 
polysulfide-epoxy 
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National Meeting, June 28-July 1959, 
San Francisco. 
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Physical and Mechanical-Properties 


While, for some these, the physi- 
cal and mechanical properties are 
rather obvious from the composition, 
will seen that general, all types 
tend meet two basic requirements. 
They are composed each case two 
major ingredients capable acting 
adhesives alone. One ingredient has 
particular affinity for 
faces and the other for polar surfaces. 
The mixture, the name implies, also 
has elastic properties and 
most types are 
capable taking within themselves 
great deal differential expansion 
and contraction stress without failure. 


example the action may 
cited. point history, the oldest 
commercially important type 
rubber-latex protein adhesive, whose 
history goes back least years. 
was early recognized that the value 
plywood structural material could 
enhanced for certain purposes 
some way could found attach 
sheet metal the exterior face and 
back the panel. This would give 
great stiffness without excessive weight, 
and limited extent least give 
the faces the physical and mechanical 
properties the metal itself. 


The early workers soon found that 
there was adhesive available that 
would permanently bond metal 
wood. Where bonds could occasionally 
formed, they were temporary 
best because variations tempera- 
ture and humidity encountered nor- 
mal service. For example, rise 
temperature would tend dry out the 
wood and cause shrinkage, and 
same time would expand the metal. 
simple rise humidity would cause 
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the wood and change 
the metal. Bonds that appeared 
good one day would completely 
the next. 


Elaborate means were sometimes at- 
npted circumvent this failure. 
not until was discovered that 
natural rubber latex and 
glue could make very satisfac- 
bonds between wood and most 
and that these bonds would 
unless actually 
aked water that the problem was 
Such adhesive sets with con- 
strength when properly for- 
and pretty well estab- 
that the casein 
the wood, while the rubber 
-om the latex adheres the metal. 
The two adhesive materials are basic- 
compatible, least they form 
matrices that hold tightly 
each other and complete the bond. 
While such bond can strong 
cnough cause failure the wood 
when tested shear destruction, the 
adhesive layer itself sufficiently elas- 
tic that differential expansion and con- 
traction the adherends never causes 
shear failure. 


The elastomer-phenolics behave 
almost identical manner and for 
the same reasons. They have the added 
advantage even greater strength, 
and are impervious the action 
water other deleterious influences. 


The so-called contact cements, 
whether solvent emulsion form, 
are for the most part similarly consti- 
tuted, although few are relatively 
simple and are more like modern ver- 
sions rubber cement. 


The relatively new polysulfide-epoxy 
resin combinations another 
example mixture rigid resin 
and elastic rubber-like polymer. 


The two-step systems gluing are 
actually nothing more than method 
mixing the rigid and the flexible 
component the glue line rather than 
the mixing equipment. For 
ample, while the elastomer-phenolic 
adhesives can used directly ad- 
here metal wood, the temperature 
cure often undesirable since 
may induce warping due dehydra- 
tion the wood. This 
using the elastomer-phenolic adhe- 
sive primer coat the metal 
non-polar surface. This gives elastic 
layer with sufficient affinity that 
wood adhesive such the 
sorcinol-formaldehyde resin adhesives 
will adhere it. the same time, the 
vood bonded and the lamination 

complished 
elastomeric primer easily and 
uickly cured baking the coated 
before-hand. 


Elastomers primers form only 
part such formation. For example, 
some neoprene coatings not adhere 
wood well, but Parlon (chlori- 
nated rubber) first used prime the 
wood, then the neoprene coating does 
adhere quite adequately because 
makes its attachment the Parlon sur- 
face. While ability withstand differ- 
ential expansion contraction 
stresses not involved here, the Parlon 
used form link between highly 
polar and non-polar 
material. 


Composition the Elastomerics 


The composition each these 
types likely vary widely, particu- 
larly ratios primary ingredi- 
ents and kind and number second- 
ary ingredients, but few generaliza- 
tions can made for purposes 
illustration. 


The so-called contact cements, 
whether solvent water borne, are 
generaly based neoprene rubber. 
Those formulated principally for effi- 
cient contact bonding generally con- 
tain little addition the neoprene 
beyond plasticizers and 
generally adhere successfully only 
adherends that are porous. Well-made 
bonds with good formulas can and 
produce very serviceable bonds, but 
where strength and creep resistance 
are also necessary, phenolic resins are 
added addition the plasticizers 
and tacifiers. 


the rubber-latex protein field, 
natural rubber has given way neo- 
prene latex, but either ammoniacal so- 
lutions casein blood albumen still 
are the principle rigid components. 
the modern adhesives this type, ad- 
ditional chemicals are added that help 
insure positive break the latex 
emulsion dries, and that tan the 
protein render less sensitive 
water. Formaldehyde donors are often 
included further insure 
sistance, and least one formula avail- 
able boil-proof once has been 
thoroughly dried cured. 


the elastomer-phenolic group, the 
principle examples are mixtures 
butadiene acrylonitrile rubber and phe- 
nolic resin, and mixtures neoprene 
rubber and phenolic ap- 
propriate, mutual organic 
These types not only will bond wide 
variety dissimilar adherends, but are 
particularly useful 
bonding where high strength and im- 
pact resistance bond are necessary. 
Their principle uses are the aircraft 
field. 


the rubber cement field, solutions 
milled natural rubber 
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bon solvents and reclaimed rubber 
are the most commonly They are 
mentioned here principally for the 
sake completeness. The elastoplas- 
tics are not considered 
elastomers, although some the bet- 
ter, high-strength metal-to-metal adhe- 
sives are presently formulated from 
mixtures one the polyvinyl ace- 
generaly dissolved alcohol-ketone 
solvent mixtures. 


Polysulfide-epoxy adhesives, 
name implies, involve mixtures 
polysulfide monomer and the reaction 
phenol, known epoxy ethoxylene 
resin. the polysulfide monomer and the 
epoxy resin are capable reacting 
with each other, but modifiers and 
catalysts are also necessary for most 
bonding requirements. The modifiers 
generally involve classified china clay 
and finely divided forms asbestos 
fiber. The catalysts are usually the 
same amine types rcommended for the 
epoxy resins alone. 


When elastomers 
adhesives are used primers, gen- 
erally found that chlorinated rubber 
involved, high rubber content, 
resin used. While 
the polyvinyl acetal-phenolics can also 
used primers, they are likely 
too rigid furnish the necessary 
cushion, and frequently are not 
gether two adherends widely differ- 
ent polar nature. 


the last case, that the two-step 
systems, obvious that elastomeric 
adhesives furnish both the adhesion 
the nonpolar surface and the cushion, 
whereas the rigid but easily cured ad- 
hesive actually used the bonding 
act, adheres the polar surface. 


The Surface Chemistry the 
Several Types 


Contact cements that 
stantially only neoprene and plasticizers 
and that bond only porous surfaces 
depend mainly upon 
hesion. Their principle value 
they have for themselves when 
partially dried, and this lasts 
for long period that large 
panels can combined. Those which 
resins that develop adhesion wider 
range adherends because their 
more reactive polar groups, but the 
same time they are restrained 
setting rigidly and thus are prevented 
from shearing loose under 
expansion and contraction stresses, 
course, the action the plasticizer 
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tacifier ehhances wetting and some- 
times adhesion, but the sacrifice 
strength and creep resistance. 


The rubber-latex protein relationship 
has been described above and need not 
repeated here. The mechanism 
set cure interesting, however. 
The vehicle is, course, water that 
has been made slightly alkaline. the 
water begins evaporate, the latex be- 
gins break and the rubber com- 
ponent attracted the non-polar 
surface, which wets easily the sur- 
face clean. The protein portion 
attracted the polar surface, which 
wets, and further drying shrinks 
into place. The matrices these two 
relatively high polymeric materials in- 
terlock and hold the adhesion layer 
solid mass. The secondary reaction 
tanning mentioned above not nec- 
essary the formation bond, but 
does have substantial effect the 
durability. Both the bond strength and 
the durability, however, are fully de- 
pendent upon the initial elimination 
the water used vehicle. 

Elastomer-phenolics generally follow 
the pattern the latex-protein rela- 
tionship, except that cure accom- 
plished curing the phenolic resin 
component and causing least par- 
tial reaction with the elastomer. be- 
fore, however, the polar adherends at- 
tract the polar resin, 
phenolic, and the non-polar adherends 
attract the elastomer. 


Rubber cements act largely wet- 
ting and mechanical action. They act 
essentially extremely viscous liquids. 
Unless vulcanization also involved, 
they have little value for structural 
applications. 


Polysulfide-epoxy adhesives, 
course, follow the general behavior 
the rubber-phenolic adhesives and for 
similar reasons. addition, the 
sulfide epoxies have unusual flow and 
wetting characteristics. While they may 
not give stronger bonds, they are likely 
form bonds more readily with 
wider variety surfaces. They are par- 
ticularly suited bonding where one 
adherend glass mineral nature. 


The two-step system and the elas- 
tomer-used-as-a-primer are simply ex- 
plained terms the actions the 
separate adhesives when used alone. 


Blends and Co-polymers 


There generally little gained 
major adhesive formulations the 
result considering either blends 
co-polymers. Sometimes they are used 
control solubility increase the ease 
processing control thixotropy 


and sometimes they are necessary in- 
sure compatibility with other ingre- 
dients establish composition that 
falls the proper elastomoric range, 
but these are secondary considerations 
and are not likely make for major 
changes the basic properties. Some 
important exceptions are vulcanization 
susceptibility, can stability, stability 
consistency, and permanency, which 
may affected blends co-poly- 


mers. 
Solvents 


the water-borne emulsion-type 
adhesives are excluded, the solvents 
will found similar nature 
those used the lacquer industry. 
For example, the so-called contact 
cements based neoprene are dis- 
solved hexane, toulene, methylethyl 
ketone, mixtures the three. The 
elastomer phenolics are generally dis- 
solved methylethyl ketone, occa- 
sionally alphatic esters. Rubber cem- 
has already been mentioned, 
are almost always dissolved hydro- 
combined with phenolic resins are dis- 
solved alcohol-toluene solutions 
ocassionally more complex mixtures, 
depending the solubility the 
elasto-plastics used. 


Polysulfide-epoxy adhesives are either 
liquid their own right are made 
liquid warming. While solvents can 
added, they tend inhibit cure 
that mort than very small amount 
such things acetone toluene may 
not used. For best results, so-called 
reactive diluents such styrene oxide 
and allylglycidil ether are used lim- 
ited amounts. The solvents used with 
elastomers primers will depend 
upon the nature the elastomer. For 
example, Parlon generally dissolved 
toluene. the two-step system, the 
solvents used will depend upon the 
components. 
primers commonly used would contain 
the same solvents the comparable 
elastomer-phenolic compositions used 
adhesives. The resorcinol resin 
material that actually forms the bond 
would dissolved suitable sol- 
vent, generally alcohol. 

There are some secondary effects 
borne mind the choice sol- 
vents. Some compositions are suscep- 
tible impurities the solvents 
(known tailings) such are often 
found hydrocarbons. Such grades 
should avoided. Some solvents en- 
hance wetting and others retard it. 
Hydrocarbons generally encourage the 
wetting non-polar solvent surfaces 
and kentones, esters and alcohols en- 
courage the wetting polar surfaces. 
Frequently, mixture desirable. 

There always the possibility 
catalytic action, which may favor- 


able This particularly 
true when working with epoxy resins, 
and durability can harmed un- 
wise use solvents. 


Blushing and moisture interference 
can occur excessively volatile 
vents are used, particularly under high 
humidity conditions. 


Bubbles and discontinuities can 
caused excessive volatility one 
more the components the sol 
vent mixture. solvent mixture thai 
goes through incompatible non 
solvent stage during its period eva 
things must considered 
care the expert formulator. 


Discussion 


Patterson (Chemical Process 
Co.): What are the gradient effects 
between adhesion and cohesion the 
use two-coponent polar and non. 
polar system 


Rauch: cannot give direct 
answer, but both the mechanical and 
chemical adhesion concepts would play 
some role. 


Mr. Patterson: What effect does 
relative molecular weight distribution 
each compoent polar-nonpolar 
adhesive mixture have upon applica- 
tion different surfaces single- 
step adhesion 


Mr. Rauch: The polar component 
and the nonpolar component formed 
interlacing matrices. not have 
specific answer regarding the effect 
molecular weight distribution—prob- 
ably because glue formulation still 
more art than science. 


Chairman Blomquist (U. 
FPL): That question amounts ask- 
ing, does one tailor adhe- 
sive Actually, really 
don’t know much about these basic 
principles would like to. 
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Measurements 


THE RADIANT PANEL 
FLAME-SPREAD METHOD 


Gross 


National Bureau Standards, 


Washington, 


Moisture content, mean density, and 


surface grain structure untreated 
wood affect flame-spread index 

significantly. Flame-spread indices 
fire-retardant-coated assemblies 


were significantly lower. This method 


can used evaluate fire-retardant 


coatings for wood-base materials. 


materials construction and finish 
materials almost every type con- 
struction and for all types occupan- 
cies well known. Building and Code 
officials and others concerned with 
the regulation surface flammability 
interior finish materials have used 
wood measuring stick and, some 
instances, basis for distinguishing 
certain limits acceptability sur- 
face spread flame. Underwriters’ La- 
boratories, Inc., for example, has been 
using select grade red oak flooring 
arbitrary with desig- 
nation 100 its 25-foot tunnel test 
method? for many years, and com- 
pares material according its per- 
formance relative that red oak. 

Recently, the Forest Products Lab- 
oratory developed eight-foot tun- 
nel test method? and the National 
Bureau Standards surface flam- 
mability test method based radiant 
source.* 

The latter test apparatus 


The Author: Daniel Gross 
holds degree mechan- 
the 
Cooper Union School En- 
with the Bureau Standards. 


Fig. 1.—Radiant panel test apparatus. 


being used for the development and 
rapid evaluation materials and 
tardant coatings, well for general 
measurements 
properties materials. Information 
the correlation between the results 
surface-flammability test methods 
and the hazards associated with the lin- 
ing buildings with particular mate- 
rials currently being sought. 

test program evaluate the 
flame-spread properties some com- 
mon building-finish materials means 
the radiant-panel test method has 
been and has shown 
what extent the thickness the sur- 
face finish material and the substrate 
which applied govern the flame- 
spread behavior composite assem- 
blies. 

The purpose this paper two- 
fold: Firstly, indicate, with few 
examples, the importance such phys- 
ical factors density and moisture 
content and thereby illustrate the 
importance maintaining close con- 
trol over material and test conditions, 
and secondly, illustrate, again with 
several radiant panel test results, the 


Presented Session VI, Wood Preservation, 
FPRS 13th National Meeting, June 
1959, in San Francisco. Information on the fire- 
protective coating systems is released per- 
mission the Bureau Yards and Docks, De- 
partment the Navy. 
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extent which ‘flame-retardant coat- 

ings and treatments applied wood- 

base materials are effective 

ing the development 
c 

flame. 


Test Procedure 


The apparatus used for the tests 
shown Fig. and has been de- 
scribed detail Robertson, Gross, 
panel, frame for support the test 
specimen, and associated measuring 

The radiant panel consists cast- 
iron frame enclosing 12- 18-inch 
porous refractory material. The panel 
mounted vertical plane, and 
premixed gas-air mixture supplied 
from the rear burned intimate 
contact with the refractory surface 
provide radiant heat source. The 
energy output the panel, which 
maintained regulating the gas flow 
according the indication radia- 
tion pyrometer, that which would 
obtained from black body the 
same dimensions operating tem- 
perature 670°C. stack placed 
under the hood above the test speci- 
men receives the hot products com- 


tion building materials. Bul Res. No. 32, 
Underwriters’ Labs., Chicago. 
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FLAME SPREAD INDEX 


MEAN DENSITY, 


Fig. 2.—Effect density upon the flame-spread index red oak. 


bustion and smoke. 
and percent relative humidity for 
not less than one conditioning 


before they are tested. 


For test, the 18-inch specimen 
placed metal holder and backed 
with sheet asbestos mill- 
board pound per cubic foot den- 
sity. zero, the specimen 
placed position the supporting 
frame facing the radiant panel and in- 
clined degrees it. pilot igniter 
air-acetylene mixture serves 

both initiate flaming the upper 
edge the test specimen and ignite 
combustible gases rising from the 
imen. Observations are then made 
the the flame front, the 
occurrence flashes, and forth. 
electrical timer calibrated minutes 
and decimal fractions hundredths 
used for recording the time occur- 
rence events during the tests. The 
test duration minutes, until 
flaming traverses the entire 

18-inch length specimen, which- 
ever time les 


time 


The index, com- 
puted the product the flame- 
spread factor, F,, and the heat evolu- 


tion, thus 
where: 
> 
(t, correspond to the tuumes 1n 


from specimen exposure until 
arrival the flame front posi- 
along the length the and 
trary constant, the observed 
maximum stack thermocouple tempera- 
ture rise any stage combustion 


*Motst - All materials condi tio 


atmospt nere above 


the specimen minus the maximum tem- 
perature rise observed with asbestos- 
siderations suggest that only about one- 
half the variations noted can as- 
cement board substituted for the spect- 
men, degrees and the slope 
the line obtained plotting the 
maximum stack thermocouple tempera- 
ture rise, degrees F., function 
the corresponding measured 
put rate, Btu per minute supplied 
board specimen during normal oper- 
ation the radiant panel. 


Results 


Effect Density: Considerable 
density variations are common any 
lot finished lumber. small batch 
2-14 inch face select-grade tongue- 
and-groove red oak flooring was 
arated according density. Identical 
size pieces were found range 
weight from 245 383 grams, which 
corresponds density range 30.7 
48.0 pounds per cubic foot. 
attempt was made relate the surface 
flammability measured the flame- 
spread index the mean density 
the specimen, which consisted pieces 
closely matched density. The results 


* Robertson, A. F., Gross, D. and Loftus, J. 
1956. A Method for measuring surface flamma- 
materials using radiant energy source. 
Proc. 1437-1453 


able 2. Flame Spread Test Results on Fire Protect 


Four tests on 


f Moisture Content on Flame Spread Index 


Specimen Condition 
Dry* Normal ~ Moist 
ard 2 Lde 
320 elk 
d one or two tests only. 
board conditioned to equilibrium 


> per cent K.H. Molsture 
ximately 1 per cent. Wood 
irled at 105°C. 


nai red to equilibrium in 


per cent RK. H. Moisture 
f cellulose fiberboard approximately 


red to equilibrium in 
»r cent R. H. Moisture 
alc fberb ard approximately 


are shown Fig. which ther 
the suggestion that the 
index increased the density th: 
specimen Statistical 
signed variations the mean den 
sity. Inasmuch the 
orientation and distribution were 
controlled these experiments, 
scatter the results actually reflect: 
differences due the distribution 
the annual growth rings. was 
served almost every instance tha: 
the flame front proceeded 
rate along the less dense portions 
these annual growth rings. 


Effect Moisture Content (Re- 
gain): The results limited num 
ber tests have indicated that mois 
ture content has pronounced effect 
upon the flame-spread index cellu 
losic The qualitative 
sults are shown Table Although 
the dry and moist conditions 
considerably more extreme than 
likely found practice, the im- 
portance careful conditioning prior 
test apparent. 


Fire-Protective Coating Systems: 
Flame-spread tests were performed 
eight types fire-protective coating 
systems and one conventional paint 
coating applied similar panels 


ive Coating Systems | 
each material 


Mean t Mean 

f ame Spread Flame Spread of! 
Factor, Fg Index Variation 
per gent 

4.2] 

13 
<e Heed 


’ Gross, D., and Loftus, J. 1958. Flame sprea 
properties building finish materials. 
Bul, 56-60. 
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Tat . Steet | 
| | | 
j 
| | ] § 
| i Poplar wood 
| | Sugar pine 
Note: Each resul} 
* Dry - cellulk 
in atmosphe 
content apt 
materials 
4 
Normal - All materials co 
atmo sphe re 
content of i 
per cent. | 
12 per cent. 

| 

4 , 
| 
i 
Bstizated t 
Thickness 
Material Coating 
] 1 A Z2xtertor grade Douglas 
+ — 8 ive drab enamel 
“12 t, G@ Sxterior fire resistant 
inorgani fire resistant 
priser plus intumescent 
interior fire-retardant 
peint ow 
Exterior f{ire-retardan* 
aint 
inorganic flre-resistazt 
riger plus olive drat 
ename. (TT-E-o5b, 
Ezterior fire resistan’ 
mast: 2.3 ot 57.5 
ganic fire resistant 
riser vinyl resi: 
finish — 2. tet le 
retardant pat 303 bet 55. 
Sma tunnel-furnace test for measuring sur 4 
face fammat ASTM #5 61-68 


Douglas-fir plywood 


Table 3. Flame Spread, Test Results om Australian Pinish Materials 
§ Four Teste on each Materiel 
Thickness of Estimated Plame Spread Feet Evolution Coefficient 
a Base Materiel, Thickness of Pector, P, Pector, @ Flame Spread of Variation 
q ’ 1 Bese Material nominal, in. Coating Coating, in. ave ave Index per cent 
Softboard 1/2 Pigmented nitro-cellulose lacquer +003 58.9 1090 17.6 
] 
q Plywocd, coachwood veneer wie Varnish 20.6 538 26.4 
a 
Softboerd 1/2 None - 17.2 12.% 220 
Hardboerd Water paint, slkyd-resin, casein-bound 3.66 130 11.6 
: Hardboard Wie O11 paint, exterior gloss 2005 3.86 33.8 130 12.0 
+ 
| Chipboard 3/6 Hone 5.35 73.2 130 16.8 
: Hardboard 4 1/2 Paper 00% 5.07 18.9 % 17.3 
q Softboerd 1/2 O11 modified alkyd resin paint, interior flat -00& 6.59 9.2 78 15.1 
Hardboerd Polyvinyl acetate latex-water emulsion 2004 3-04 25.2 77 12.2 
| Hardboard 3/16 Intumescent starch-bound water paint, uree-formal dehyde 2.33 57 23.9 
q Plus overcost finish 3b minus sesler and undercoet 
Hardboard wis Intumescent starch-bound water paint, uree-formaldehyte +008 1.99 26 46.8 
Plus overcoat finish 3b minus sealer 
Softboard 1/2 Pire-retardent peint, semi-gloss 005 6.55 3." 25 313.6 
Plywood, coachwood veneer Wono-ammonium phosphate impregnation plus clear high= 002 5.06 2.79 w 58.6 
gloss lacquer 
Softtoard 1/2 Water paint, alkyd-resin cesein-bound with glue size 006 6.% 1.4 Sel $1.9 
sealer 
Plywood, coachwood veneer Wono-ermonium phosphate impregnation 1.00 2.53 2.6 % 
q Softboard 1/2 Intumescent starch-bound water paint, urea-formeldehyde -010 1.0¢ 0.63 0.6 33 
; Plus overcoat of casein-bound water paint type 3 
Softboarda 1/2 Intumescent starch-bound water peint, uree-formaldehyde -O1C 1.09 0.29 2.3 133 
, plue overcoat of casein-tound water paint type 4 


well uncoated plywood con- 
trol panel, The results are tabulated 
The finishes were applied 
brush (or trowel) accordance with 
normal procedures and specifications 
and with the usual variations paint 
loadings obtained practice. 


Although all the 
systems tested through gave 
decidedly flame-spread index 
than the conventional two-coat paint 
finish (B), the application two 
retardant paint (C) was particularly 
effective. was considerably more 
effective than two-coat application 
exterior fire-retardant paint (D). The 
results for systems and indicate 


paint coatings were applied the soft- 
boards than the nardboards. How- 
ever, boards with varnish 
cellulose lacquer coatings yielded 
higher flame-spread indices than did 
the uncoated building The in- 
tumescent water paint and the impreg- 
nated mono-ammonium phosphate fin- 
ishes were particularly effective, and 
resulted considerably lower flame- 
spread indices although the applica- 
tion overcoats intumescent water 
paints generally reduced the efficiency 
the retardant. 


Attempts correlate the radiant- 
panel test results with the Australian 
“spread flame index” “index 
early fire these materials 
were only moderately successful. Con- 


flame-spread measurements would ap- 
pear involve close specifications 
its type, density and moisture content, 
the distribution and orientation 
annual growth rings, the type 
sawed lumber (that plainsawed 
and forth. 


The importance standardization 
the test procedure and assessing 
the magniture such variables has 
been shown. Careful evaluation par- 
ticularly necessary the case fire- 
retardant finishes. Since these are not 
always acceptable decorative finishes. 
overcoating with conventional paint 
frequently desirable. Some 
fire-retardant paints may cause break- 
downs the osed finishes. 
addition, considerable variation 


3 prov ided and the thickness of coating that the specimens tested at NBS were with intumescent water paints because 
iC for this type of system and up to the prepared subsequent to the tests in they are adversely affected by atmos- 
thickness tested. Australia, and that different specimen pheric and they may dete- 
conditioning procedures were used. riorate with age. 

66 

careful control the moisture content wood, the most important aspect 
tal Discussion the development and spread flame. 
comprehensive study they performed 
) 


the fire hazards of, combustible 
building boards and methods for their 
evaluation. variety conventional 
and fire-retardant coatings were ap- 
plied the conventional manner, that 
is, with the usual application prim- 
ing coats undercoats and 
resentative field application. The re- 
sults are shown Table may 
seen that the flame-spread indices 
the conventional paint coatings were 
lower than those the un- 
oated building boards. These differ- 


were more pronounced when the 


wallboards. Special Report No. 18. Com- 
Experimental Building Station, De- 
rtment Works, Sydney, Australia. 
1acs, Director of the Station, provided the 
ecimens typical Australian finish materials. 
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the evaluation the flame-spread 
properties finish materials, con- 
sideration should given the fol- 
lowing: the test finish representa- 
tive the finish field applications 
Are there variations the composition, 
orientation, and density the finish 
and substrate materials? What effect 
will moisture content have 


The results the limited 
ported here have shown that variations 
moisture content and mean density 
can have significant effects upon the 
urements untreated material. was 
also observed that variations due 
the surface grain orientation and dis- 
tribution wood materials such red 
oak can quite appreciable. The use 
wood standard for comparative 
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Previous has indicated that the 
surface spread flame controlled 
primarily the surface layer coat- 
smoldering combustion such might 
imparted deep impregnation, 
here considered import- 
ance. should not discounted, how- 
ever, its ability retard the 
growth fire. 


recent survey wood combus- 
tion theories, concludes that 
single theory completely describes 


the mechanism the fire-retardance 


wood. Theories based 
maintenance surface coating bar- 


bustion of wood and its control. Forest Products 
Laboratory, Forest Service, U. S. Department of 
Agriculture. Report No. 2146. 
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rier and chemical effects appear 
the most reasonable, however. The 
fact that ordinary oil paints, which are 
applied 
amounts the are 
somewhat effective indicates that the 
maintenance impermeable sur- 
face coating important. the other 
hand, the fact that many highly effec- 
tive fire retardants are water-soluble 
the operation chemical 
rather than physical 
these materials. date, the most effec- 
tive fire retardants appear water- 
soluble paints that intumesce strongly, 
and produce thick, relatively stable 
foam that provides insulating sur- 
face barrier. 


Summary 


has been determined use 
method that variations 
content and mean density can cause ap- 
spread test results the same material. 
For the same mean density and mois- 
ture content, was 
variations the surface 
ture untreated wood had appre- 
ciable effect upon the 
dex. The importance careful selec- 
tion, specification, and conditioning 
test material 
conditions has been demonstrated. 

The test method has been used 


rials. The flame-spread indices the 


fire-retardant-coated 
considerably lower than those obtained 
with uncoated conventionally coated 
materials, although differ- 
ences between coated assemblies were 
observed. Water- paints that in- 
tumesce strongly produce 
surface-barrier 

effective fire-retardants, although there 
appear some drawbacks their 

practical use, 


test method such this can 
used advantage the developmen 
and evaluation effective 
tical fire-retardant coatings for wood 
base materials. 


Exterior Gluing Low-Grade 
Douglas-Fir 


Technical Department, 


Plywood Association, Tacoma 
Washington 
knothole size was 
increased, percentage 
wood failure and shear 
strength decreased, while 
checking increased. 
quality reduction resulted 
with one-inch diameter 
knotholes. Pitch 
streaks also degraded 
exterior gluelines. 


WORK EVALUATE the effect 
upon Exterior panel quality low- 
grade veneer was undertaken con- 
nection with the proposal that the 
Douglas-fir plywood industry give seri- 


The Author: Ray- 
mond obtained his BS degree 
forestry from the Univer- 
sity of Washington. He is 
now Laboratory Manager for 
the DFPA. 


Fig. 1.—Layup core stock containing knotholes Phase and 


glueline. Such move should mean 
that grade veneer would used 
panels made with Exterior glue, and 
that such panels could find service 
Exterior use applications. 

The study was designed evaluate 
the effects low grade factors such 
knotholes, pitch streaks, splits and ve- 
neer roughness establish the accept- 
ability veneer grades lower than 

This report deals with the effect 
knotholes various sizes (including 


ter Meeting of the Pacific Northwest Section, 
FPRS, Feb. 2-3, 1959, Coos Bay, Oregon. 


the burly areas adjacent the knot- 
holes) glueline quality and surface 
appearance, and with the effect pitch 
streaks the core glueline quality 
The effect various degrees veneer 
roughness and various sizes splits 
glueline quality will reported 
later date tests now underway 
completed. 


Project Outline 


Phases study that part this 
project dealing with the effects 
knotholes were: 1). The effect low 
pressure areas due knotholes upon 
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Fig. 2.—Exterior boil-shear test specimen 
the core line the opposite side 
the center from the knothole. 


quality determined Ex- 
boil-shear tests. 2). The effect 
low pressure areas due knotholes 
upon surface appearance quality 
determined cyclic testing and obser- 
vation. 3). The effect low pressure 
areas due knotholes surface 
appearance quality determined 
exposure weather and observation. 
i). The effect areas immediately 
adjacent knotholes the core upon 
glueline quality determined the 
Exterior boil-shear test. 5). The effect 
knotholes backs 3-ply panels 
glueline quality. Low pressure areas 
and areas hard, burly veneer next 
the knotholes were evaluated 
cyclic testing. 

The effect pitch streaks the 
core glueline quality was evaluated 
use the Exterior boil-shear test. 


Veneer Acquisition, Preparation, 


and Gluing 


Veneer used this study was ob- 
tained from the Coos Bay area Ore- 
gon and the Puget Sound 
Washington. All veneer was dried 
steam dryers the point origin, and 
shipped the DFPA laboratory 
Tacoma where was resawed re- 
quired dimensions reconditioned 
cent before was glued. 


The 12-34 inch panels were 
glued the laboratory hot press with 
commonly used Exterior-type phen- 
olic resin adhesive. The adhesive man- 
mixing, spreading, and 
pressing recommendations were closely 
followed, and control panels were in- 
terspersed with test panels insure 
that gluing conditions 


Care was taken exclude all defects 
the panels except those actually 


PHASE I. WOOD FAILURE SUMMARY TABLE 


Test Areas 


associated with the particular defect 
being evaluated; other words, burls 
associated with knots were 
cluded, but pitch pockets adjacent 
the knots were. Thick and 
neers were avoided. 

Knothole dimensions all cases 
were measured across the grain the 
veneer. 


Knothole Tests 


Phase The effect low pressure 
areas due knotholes upon glueline 
quality determined Exterior boil- 
shear tests. 

Panels tested this phase the 
study were 14-inch constructions com- 
posed five plies 1/10 inch ve- 
neer. Three-piece core stock was used, 
and, the core line adjacent the 
back, each piece core had knot- 
(knotholes centered with respect 
sides core but inches center 
from one end the core). All other 
veneer was clear. Sixteen panels (48 
knotholes) were glued with each 
the following knotholes sizes: 1-14, 

Exterior boil-shear test specimens 
were prepared test glueline 
quality the core line the opposite 
side the center from the knotholes 
(Fig. 2). was desired, specifically, 
determine the extent 
quality degradation that resulted from 
low pressure areas occurring directly 
over the various sizes knotholes. 


The number shear specimens cut 
the test area over each the knot- 
holes varied with the size the knot- 
hole. For the and inch knot- 
holes, one specimen (designated 
was cut; for the and inch knot- 
holes, two specimens (designated 
and were cut; and for the and 
inch knotholes, three specimens 
(designated and were cut. 
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Control Areas 


For the purposes comparison and 
control, four shear specimens were cut 
from the sound area one side 
each knothole. Control specimens were 
designated and the number 
designated the approximate distance 
from the knothole edge inches. The 
cutting diagram for panel contain- 
ing inch knotholes shown 
Fig. 


Table summarizes wood failure 
values determined for each test and 
control area. Each value shown the 
average shear specimens. Note 
that, the and inch knotholes, 
complete delamination the center 
shear specimen (B) occurred almost 
every case (Fig. 3). 

Fig. this summarization pre- 
sented graphically with test area shear 
specimen wood-failure 
sented bars. Control 
have been lumped together and are 
represented the horizontal lines 
the top the graph. The dotted lines 
represent the actual center line the 
knotholes relation the shear spe- 
cimens 


statistical analysis test results 
verified findings based study 
Fig. 

With the exception the inch 
knothole test areas, there was sig- 
nificant decrease wood failure that 
resulted from low pressure the test 
areas compared with control areas. 


Average test area wood failure 
decreased knothole size increased. 

The size the adversely effected 
test area increased knothole size in- 
creased. 


Shear specimen breaking load values 
followed the same general trend 
wood failure values. Low wood failure 
was accompanied low load. 


re Knothole 
ed 
‘ly 


Fig. 3.—Phase Broken shear specimens 
from (top bottom) and inch 
knothole test areas. Note the declining wood 
failure due low pressure area knot- 
hole size increases. 


inch width can included ply- 
bonded with exterior glue with- 
out degradation the glueline result- 
ing from low pressure areas caused 
the knotholes. Larger knotholes will 
cause such degradation, the magnitude 
which dependent upon the size 
the knothole and probably also upon 
the thickness adjacent veneers. 


Phase The effect low pressure 
areas due knotholes surface ap- 
pearance quality determined 
cyclic testing and observation. 


phase II, 7/16 inch 3-ply panels 
were glued with the conventional 
3/16 inch veneer construction. 
Three knotholes the same size and 
grade were included the core each 
panel—one located each three 
pieces core shown for phase 


Two grades knotholes were in- 
cluded: Grade knotholes (Fig. 
were from veneer with minimum 
burly, hard-to-glue wood adjacent 
the knotholes, and grade knot- 
holes (Fig. were from veneer with 
abundance burly, hard-to-glue 
wood adjacent the knotholes. Grade 
and inch diameters were glued, 
and grade knotholes 2-14, 
and inch diameters were glued. 
Sixteen inch panels were 
glued for each knothole size within 


Thomas Jr. 1955. Factors Affect- 
ing the Face Checking of Plywood. D.F.P.A. 
Laboratory Report No. 

Batey, Thomas Jr. 1955. Minimizing Face 
Checking Plywood. Jour. FPRS (4): 277- 
285. 
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% WOOD FAILURE 


Fig. 
men cutting dia- 
panel 
section with 
inch knot-hole. 
and are test 
specimens; 
and are con- 


each grade, thereby allowing examina- 
tion knotholes for each. 


Since, has been established 
Batey, severity face check- 
ing dependent some degree upon 
tightness peel and coarseness 
grain, every effort was made min- 
imize the effect these factors 
thoroughly randomizing veneer from 
sheets used throughout all knothole- 
size classes and grades. 


inches and then evenly sanded 
thickness inch. edge sealer 
and thin coat white paint 
were applied. Gauge lines located 
bisect each knothole the core 
were drawn across the face and back 
each panel perpendicular the 
grain. With the center the knot- 
hole used pivot point, test line 
equal length the diameter and 
directly over each knothole was marked 
the gauge line. control line 
equal length was marked adja- 
cent sound area crossed the gauge 
line. 


The test panels were subjected 
cyclic test designed produce face 
checking irregularities, 
without subjecting them severe con- 
ditions not normally encountered 
use. Each cycle this test consisted 
4-hour soak cold water and 
forced-draft oven. Three 
other surface irregularities (notably 
over knotholes) make 
comparisons (Fig. 8). 


AVERAGES) 


BY KNOTHOLE SIZE 


| 
KNOTHOLE SIZE 


Fig. 5.—Phase Average wood failure test area shear 
specimen positions knothole size. 


Only those face checks that actually 
crossed the gauge line either the 
test line length the control line 
length were considered the evalua- 
tion. Any check equal greater 
than 0.005 inch width was con- 
surface. The total cumulated width 
checks that met these requirements was 
determined for test lines and 
lines for each knothole size. 


The checking index each knot- 
hole size within each grade was deter- 
mined calculating the total width 
checks the knothole test line 
percent the total width checks 
the control line. was immediately 
apparent that there was consistent, 
substantial difference between the two 
grades knotholes, these values 
were consolidated. 


The checking index, will noted 
Fig. increased markedly knot- 
hole size increased. 


Several other face-checking charac- 
teristics were noted from the study 
these panels. The average width 
checks the knothole test lines in- 
creased from 0.008 inch over 1-inch 
knotholes fairly even increments 
0.014 inch over 3-14 inch knotholes, 
while the average width checks 
the control test lines remained con- 
stant 0.006 0.007 inch. The ac- 
tual number checks per unit 
panel width tended decrease, how- 
ever, knothole size increased. was 
also noted that the average length 
checks increased unevenly from 1.3 
inches over 1-inch knotholes long 
2.2 2.5 inches over and 
inch knotholes. 
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Fig. 6.—A inch grade knothole 
with minimum burly area 


The only other measurable surface 
irregularity these panels 
veneer effect (not paint 
blistering) created face veneers over 
knotholes the core dimensional 
changes that occurred during cyclic 
testing. Maximum amplitude, that is, 
the difference between the maximum 
elevation and maximum depression, 
the blister the test area over each 
knothole was measured the nearest 
0.001 inch both faces all panels. 


Measuring was done means 
device developed the DFPA labora- 
tory for this purpose. This device em- 
ploys Ames micrometer dial 
mounted rigidly frame that slides 
along guides which the panel 
securely clamped. The dial set 
zero level portion the panel 
and moved slowly over the blistered 
area, Maximum and minimum readings 
are recorded during the process. 


F SY “Soin 
NOT OVER 


with abundance burly wood adjacent 
knothole. 


The average maximum amplitude 
the blisters developed over the knot- 
holes increased very significantly the 
size the knotholes increased size. 


‘All averages proved statistically 


different, with the exception that again 
significant difference was found be- 
tween the grades knotholes within 
given size. The values obtained for 
the two grades within size were 
therefore combined. 


Fig. illustrates graphically the 
average maximum blister 
noted for each knothole size. 


apparent that increase face 
checking and other surface irregulari- 
ties that result from weathering 
fluences must anticipated larger 
knotholes are permitted Exterior 
panels when such panels are not ade- 
quately protected with paint. Phase 
III this project was undertaken 
determine whether this also holds true 


TABLE 3 


PHASE IV. SUMMARY OF WOOF 
FAILURE AVERAGES 
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Fig. 8.—Face checking over 
knothole laboratory cyclic test. Black dot 
represents center knothole. 


for adequately protected panels actu- 
ally exposed the weather. 


Phase The effect low pressure 
areas due knotholes surface ap- 
pearance quality determined ex- 
posure weather and observation. 

The panel assembly, veneer random- 
ization, and number panels tested 
phase III were the same 
for phase II. The panels were trimmed 
inches and evenly sanded 
inch. One coat white under- 
coat and two coats good quality 
white house paint were then applied 
each panel. Each panel was numbered 
and the location the center each 
knothole was marked with small dot 
black enamel the face the 
panel. 

April 1958, all 144 panels 
were mounted the DFPA outdoor 


exposure fence. The panels were 
mounted 45° angle the ground 


TABLE 


PHASE V. DELAMINATION BY KNOTHOLE 
SIZE DUE TO LOW PRESSURE AREAS 
3"x8" CYCLIC TEST SPECIMENS 
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; PHASE III. OCCURRENCE OF FACE TOTAL 
CHECKING AND EXPOSURE KNOTHOLE CHES 
IN 
WALL PAINT PANELS. 9} MONTH EXPOSURE SIZE CLASS DELAMI- MENS 
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CHECKING INDEX 


Fig. Checking index 
knothole size. 


lumber frames, and are held 
place wooden cleats attached the 
frames; panel surfaces are not pierced 
nails screws, which would allow 
entry water beneath the paint film. 
southern exposure was chosen for 
the panels, since weathering most 
severe from this direction. Panels are 
examined weekly for evidence face 
checking other surface degradation, 
and complete weather records have 
been kept since the date exposure. 


Very little face checking other 
surface degradation has been noted 
date, even over the large knotholes. 
Table shows the occurrence face 
checking and blistering present 
these panels January 16, 1959. 


apparent that practically all 
the checking and blistering date has 
occurred over the knotholes the 
and inch knothole classes. 


These panels will remain exposed 
long necessary for development 
surface degradation allow 
analysis such was carried out for 


phase II. 


believed that face checking 
would have appeared more rapidly 
these panels had the faces been thin- 
ner had the panels been sanded 
more heavily unevenly, mill 
practice. The faces these panels, 
after they were sanded, ranged 
thickness from 0.07 0.12 inch, and 
averaged 0.10 inch. check mill- 
sanded panels showed that 
faces generally sand 0.04 0.12 
inch, and average 0.08 inch; 1/10 
inch faces generally sand 0.04 
0.08 inch and average 0.06 inch. 
mill-sanded panels, therefore, more 
the lathe checking the faces ex- 
posed, and the thinner faces would 
have less resistance face checking 
than did the test panels used this 
study. 


50 


MAXIMUM AMPLITUDE 
(THOUSANDTHS OF AN INCH) 


Fig. 10.—Phase Average maximum ampli- 
tude blisters knothole size. 


Phase IV. The effect areas imme- 
diately adjacent knotholes 
core upon glueline quality deter- 
mined the Exterior boil-shear test. 


Panel layup phase was similar 
that phases and III. Again, 
7/16-inch, 3-ply panels were glued 
with clear face and back, 
piece, 3/16-inch core. knothole was 
centered each piece core. 


Two grades knotholes, and 
were again used. Grade 
knotholes had minimum burly, 
hard-to-glue wood adjacent them, 
and grade knotholes had abun- 
dance such wood adjacent them. 
grade knotholes the following 
sizes were used: 1-14, 
and inches. grade knotholes 
2-14, and inch, sizes were 
used. Sixteen panels (48 knotholes) 
were glued for each knothole size 
within each grade. 


The test area these panels was the 
first inches both above and below the 
knothole along the grain. This area 
encompassed most the burly, hard- 
to-glue wood associated with knot- 


diameter. From it, total six shear 
test specimens were cut for each knot- 
hole. The two shear specimens cut 
from the first inch immediately adja- 
cent the knothole were designated 
Position Specimens cut from the 
second and third inch from the knot- 
hole were designated Positions and 
III, respectively. Control specimens 
were cut from clear panels glued the 
same time the test panels, and 
specimens were subjected the boil 
shear test. Breaking load 
wood failure were recorded for 
specimen, and the values for each knot 
hole size class, grade, and shear posi 
tion class were averaged. Wood 
values are recorded Table Eacl 
specimen evaluations. 


was determined through applica 
tion statistical tests that, Table 


the column headed “Com 
bined Knothole Size—Class Aver 
failure between the average any 
knothole sizes was needed for statis- 
tical significance. 

the bottom row headed 
bined Shear Position dif- 
ference percent wood failure be- 
tween the average any two shear 
positions was needed for statistical sig- 
nificance. 


the last column headed 
difference percent wood failure 
between the average the two knot- 
hole grades was needed for statistical 

The average wood failure rating 
shear position for each the knot- 
hole classes shown Table and 
also graphic form Fig. 11. 
difference percent wood failure 
between any these individual values 
needed for statistical significance. 


(CONTROL AVERAGE) 


(INDUSTRY STANDARD 85%) 


(S.P. © SHEAR SPECIMEN POSITION) 


KNOTHOLE SIZE CLASS 


Fig. IV. Average wood failure shear specimen 
position for each knothole class. 
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The following conclusions may 
from phase IV: 


Significantly lower glueline qual- 

can anticipated the burly areas 
size Exterior panels in- 

eased from the present inch 

‘ameter over inches. This effect 
addition the larger completely 

areas present with larger knot- 

With the wood failure average 

knothole size classes tested com- 
ined, the first inch wood next 
yields significantly lower 
quality than the second, which 
turn yields significantly lower 
quality than the third. 

The combined average wood 
rating all grade knotholes 
was significantly lower than the 
combined average wood failure rating 
inch size group. 


analysis shear specimen break- 
ing loads failed indicate any definite 
trends due knothole size grade, 
due shear specimen position. 

Control panels glued the same 
time and under the same conditions 
test panels studied phase showed 
average wood failure rating 
percent. Control panels this phase 
served only establish that gluing 
conditions were ideal. 


Phase The effect knotholes 
backs 3-ply panels glueline qual- 
ity. Low pressure areas and areas 
hard, burly veneer next the knot- 
holes were evaluated cyclic testing. 

phase 7/16-inch, 3-ply panels 
were again tested. Panels were as- 
sembled with clear faces, clear 
3/16 inch core, 
inch backs. knothole was centered 
each’ piece back stock. All panels 


ace 


Grade and knotholes were 
again used the same knothole size 
classes phases III and IV. 
Sixteen panels (48 knotholes) were 
glued for each knothole size within 
cach grade. Control panels glued the 
same time showed average wood 
failure rating percent the boil- 
shear test. 


Cyclic test specimens were cut 
inches wide inches along the grain 
such manner that the knotholes 
were bisected along the grain. Two 
each knothole, and each contained 
half knothole one side the 
midpoint the long 8-inch dimension. 

Test specimens were subjected 
cycles testing. Each cycle con- 


sisted hours soaking cold 
tap water and hours drying 
130°F. forced draft oven. Any 
glueline failure least inch deep 
and inch along the glueline was con- 
sidered delamination, and was 
corded the closest inch length. 
separate record was kept for “the 
two this way, failure due 
burly grain adjacent the knothole 
could kept separate 
due the low pressure areas imme- 
diately opposite the knothole. 

total test specimens were 
tested for each knothole size class. 
After cycles testing, delamina- 
tion all 864 test specimens totaled 
inches, almost all which re- 
sulted from the effect low pressure 
areas opposite knotholes. The break- 
down delamination knothole size 
classes shown Table 


apparent from the table, there 
was substantial difference between 
delamination that occurred grade 
and grade knotholes given 
size class. This not surprising 
view the fact, already stated, that 
virtually all delamination resulted ‘from 
the effect low pressure areas rather 
than from burly grain. Considerable 
delamination due low pressure was 
present test specimens that con- 
tained and inch knotholes prior 
testing; over half the 
knothole specimens and almost third 
the 3-inch knothole specimens were 
involved. 


significant that delamination 
occurred during testing specimens 
that contained 1-inch knotholes, 
presently allowed Exterior type ply- 
wood. Very little delamination over 
that contained 
However, knotholes inches over 
diameter showed significantly 
higher percentage failing test spec- 
imens. 


The Effect Pitch Streaks the 
Core Glueline Quality 
Exterior-Type Plywood 


Pitch streaks tested this study 
were so-called “heavy other- 
wise normal veneer saturated with pitch 
through its entire thickness opposed 
smears pitch pockets. 

Thirty 3g-inch 3-ply panels, 
inch face, back, and core were glued. 
Core stock was two piece; one piece 
contained pitch streak least 
inches width running the full length 
the core, and the other piece com- 
pletely clear. Faces and backs were 
also clear. 

Ten shear test specimens were cut 
and tested from each half each 
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panel. The specimens from the half 
containing the pitch steak were cen- 
tered the pitch streak. 

All specimens were subjected the 
Exterior boil-shear test and breaking 
loads and percent wood failure were 
recorded and averaged. 

Test specimens from 
areas averaged percent wood fail- 
ure, and panels ranged from 
percent average wood failure. Eight 
delaminated test specimens were noted 
out the 300 tested. 

Control test specimens averaged 
percent wood failure, with panels 
ranging from 100 percent wood 
failure. delaminations were noted. 

Average breaking load 
streak specimens was 218 psi, and aver- 
age control load was 247 psi. 

apparent that Exterior glueline 
quality degraded considerably the 
presence pitch streaks. incum- 
bent upon the plywood industry, there- 
fore, limit the size pitch streaks 
Exterior type plywood. 


Discussion 


Was any trouble encoun- 
tered shearing the 5-ply panels 
the desired glue line? 

Mr. No. 


Ouestion: recall, 1/10 inch 
centers were used the 5-ply panels. 
Did you investigate the influence 
center thickness bond quality 

Mr. Sisterhenm: used only the 
one center veneer thickness. 

putting inch patches veneer 
now available. Can big knotholes 
plugged and upgraded grade 
veneer 

Sisterhenm: Yes. The upgrad- 
ing lower grade veneers 
grade means plugs this size 

control results bear out the work pre- 
sented 

Mr. The DFPA quality 
control data are based clear mate- 
rial, not defective areas, have 
basis for making comparison. 


What pressing conditions 
were used making the test panels? 

Mr. Sisterhenm: stayed very close 
the adhesive recom- 
mendations. Press pressure was 175 
psi. 

Was the failure bond 
associated with undercure lack 
contact 

Mr. Sisterhenm: Lack 
Pressing times were sufficient bring 
about adequate cure. 


1 
| 
q 


Charcoal Kiln Operation 


FOR IMPROVED TIMBER 


Efficient operation 
charcoal kiln makes 
economically feasible 
improvement cutting and 
cull nonmerchantable material 
improve the entire stand. 
chart gives data 
labor costs, charcoal prices, 
and wood costs that 
the break-even point can 
calculated. 


UPPER PENINSULA has 
well over million acres sec- 
ond-growth northern hardwood stands. 
These stands have become established 
since the turn the century after 
commercial clear cuttings. While they 
are generally well stocked, they are 
Most the trees these second- 
growth forests today are cull trees, re- 
jected the loggers when the virgin 
timber was cut, and poorly formed 
poles. There are still sufficient trees 
good form and quality yield valu- 
able veneer and saw logs the future 
they can kept alive and growing 
until they mature. probable, how- 
ever, that they will not able sur- 
vive unless early improvements cuts 
can made release them from the 
competition the poorly formed and 
cull trees, which are generally larger. 

Unfortunately improvement and 
thinning cuts this young timber are 
marginal best and usually unprofit- 
able because the general lack 
markets for products derived from 
hardwood trees below saw log size. 
Forty-year-old stands usually need cut 
acre put them satisfactory grow- 
ing condition. Less than half this 
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Fig. 1.—The masonry block kiln the Upper Peninsula Experimental Forest. 


volume wood, however, qual- 
ity that can marketed profitably for 
tie-cuts saw logs. The bulk the 
material produced too small too 
low quality usable. The re- 
moval only the currently merchant- 
able trees would not benefit the stands 
silviculturally and, fact, might leave 
them poorer condition than before 
the cut. But the cost cutting the 
nonmerchantable material without any 
financial return great that most 
foresters, both public and private, now 
classify the young hardwood stands 
inoperable. result, thousands 
acres potentially the most valuable 
forests the area are producing only 
small fraction their capacity. 


The use small charcoal kilns 
convert the small low-quality wood 
from improvement cuts charcoal, 
and the sale the charcoal, may re- 
duce the cost improvement cuts 
point where, not profitable, they may 
the future quality and productivity 
the forest. With this mind, the Lake 
States Forest Experiment Station co- 
operation with the Cliffs-Dow Chem- 
ical Company established 
growth hardwood study cca 
junction with small charcoal kiln 


FPRS 13th National Meeting, June 28, July 
San Ffancisco. 

St. Paul, Minn. coopera- 
tien with the University of Minnesota. 


operation the Upper Peninsula Ex- 
perimentai Forest. The purpose was 
determine the break-even cost 
components integrated operation. 


The Woods Operation 


tract 40-year-old second-growth 
northern hardwoods was marked for 
experimental improvement cut. 
contract was then made with oper- 
ator cut the timber with the under- 
standing that would pay reasonable 
stumpage rates for the products that 
could sold the open market. 
was also reimbursed for wood, 
not less than inches the small 
end, that could not otherwise sold; 
this was delivered the site 
small charcoal kiln immediately adja- 
cent the timber. 

total 284.4 standard cords 
wood was produced acres. 
this, 129.9 cords were merchantable 
for saw logs, tie-cuts, and softwood 
pulpwood for which the operator paid 
$472.72 stumpage. The rest the 
wood, 154.5 cords, was cut and de- 
livered the charcoal kiln site cost 
$2,147.55. The charcoal wood was sub- 
sequently burned small kiln, all 
costs being carefully recorded. 


The Charcoal Kiln 


For this study masonry block kiln 
was erected (Fig. 1). The design se- 
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Labor Labor 
Major tas time costl/ 
Manhours Dollars 
Construct footings “ 114.5 168.32 
Construct walls 284.0 417.48 
Install metalwork 59.0 86.73 
Procure and install 
sandfill for walls 
and ceiling 39.5 58.06 
Construct watershed 71.0 104.37 
Cleanup and grading 16.0 23 52 
Total 584.0 858.48 


1/ Cost of labor, including payroll taxes and insurance, 
of $1.47 per manhour was used throughout this report. 


was one developed the 
Products Laboratory after field 
several experimental block 
kilns. The kiln represented composite 
the best design features the dif- 
ferent structures studied. Detailed in- 
struction for building 
this particular kiln are included 
Block Kiln: Structure and 
Forest Products Laboratory Re- 
port No. 2084. 


Results the Kiln Operation 


During the first year after the kiln 
was built, experimental burns were 
made intermittent operations and 
71,100 pounds charcoal were 
produced. 


The average volume input for the 
runs was 6.4 cords 4-foot wood, 
inches diameter. The wood 
was mostly sugar maple but also in- 
cluded small amounts red maple, 
yellow birch, basswood, elm, and east- 
ern hophornbean. All the wood had 
been air-seasoned for least year, 
and its moisture content varied from 
percent. 


The mean yield per burn was 5,078 
pounds 2.54 tons bulk charcoal, 
including fines. This amounted 791 
pounds 0.396 ton per rough cord 
for the 89.9 cords that were converted 
during the 14-burn series. Each ton 
charcoal required 2.52 cords wood. 


Practically all the charcoal made 
this kiln was commercially accepta- 
ble for domestic use. 
each burn were analyzed provide 
continual check charcoal quality. 
The averaged fixed carbon content for 
the 35.5 tons produced was 
cent, the average volatile content was 
percent, and ash and moisture to- 
averaged 4.3 percent. all the 
harcoal made the kiln, only three 
totaling 5,360 pounds, 
howed fixed carbon content less 
han percent and volatile content 
hat was above percent. 


Table 1.--Cost of labor and materials used 
in the construction of the Upper Peninsula kiln 


: Cost of : 


3; Materials ; 
Dollars Dollars 
185 .30 353 .62 
332 .96 750 .44 
591.78 678.51 
20.00 78.06 
40.55 144.92 

- 23.52 
1170.59 2029.07 
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Fig. 2.—Relationship selling price and 
labor cost allowable wood cost break 
even. Cost labor includes employer con- 
tributions for compensation, social security, 


Analysis Production Costs 


the following analysis, the break- 
even cost the average ton 
coal produced this operation de- 
veloped total the costs incurred 
each phase the conversion 
process. These phases are treated 
sequence, and all recorded expendi- 
tures for labor, equipment, and mate- 
rial are itemized and expressed unit 
costs per ton and per cord. 


Investment Costs: Investment costs 
include unit charges for interest and 
taxes and depreciation the capital 
investment the kiln structure. These 
charges are based the actual cost 
kiln construction, shown Table 


The kiln can operated about 
cycle, but allowing for lost 
time, burns per year constitute full- 
time production. Assuming minimum 
productive life 100 burns 214 
years and total production 254 
tons bulk charcoal, complete depre- 
ciation kiln investment requires 
charge $7.99 per ton charcoal. 
additional charge percent for 
risk-free interest and taxes would 
amount $0.84 per ton. Total invest- 


PRODUCTS JOURNAL 


PER TON, KILN 


"Ek OF BULK CHARCOAL, 


7 PRIC 


1,40 1.60 1,30 2. 06 


ABOR IN DOLLARS PER HOUK 


and unemployment insurance. The equation 
for these regression lines is: Allowable wood 
cost 0.395 selling price —-5.008 labor 
cost —3.485. 


ment cost would $8.83 per ton 
$3.50 per cord. 


Loading the Kiln: The loading 
the seasoned wood into the kiln was 
actually combination two separate 
operations: (a) the pickup and trans- 
port the wood from the seasoning 
piles the kiln entrance, and (b) the 
manual stacking the wood inside 
the kiln. Two common loading meth- 
ods were tested this operation, but 
the principal difference between them 
was the mode wood transport. 

Under the first method, the wood 
was loaded into pickup truck, which 
transported the kiln where was 
stacked. The second method used 
small wheel tractor with forklift 
pickup, transport, and 
wood the floor the kiln, from 
which point was stacked hand. 

There was little difference cost 
between the two methods. The tractor 
operation, although more expensive, 
required less labor and less time. 


cost $2.90 per cord $7.31 per 
ton load the kiln truck and $2.94 
per cord $7.41 per ton) load 


tractor. 
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Item Per Per cord 
Dollars Dolla 
Kiln construction a 
deprecia 8.83 3.50 
ading 41 4 
Door r 3.60 43 


Unloading kiln and 
loading truck 2.01 .80 


Total Cost 27.44 10.88 


Door Closure: The next step was 
the closure the door opening. The 
closure was made with masonry blocks, 
which were laid dry and lightly 
plastered the joints. This fairly 
common method closing masonry 
kiln, although swinging sliding steel 
doors are used some operators. 

The lay-up and plastering the 
door blocks required average 
5.38 manhours labor per burn, 
2.12 manhours per ton charcoal 
recovered. This resulted direct 
labor cost $3.12 per The cost 
materials was $1.22 per burn 
$0.48 per ton. This includes the cost 
cement, lime, and 
breakage. 

The total cost this operation was 
$3.60 per ton $1.43 per cord. 


Firing, Control, and Sealing: The 
average burn required about man- 
hours kiln tending, from the time 
when the charge was ignited the 
time when the cold kiln was reopened. 
Most this time was devoted fir- 
ing and the sealing the kiln after 
the active portion the burn was 
complete. 

The kiln was fired through ports 
the base the block door. 
volume split dry cedar and few 
scoops charcoal were 
kindling, together with any incom- 
pletely carbonized sticks from the pre- 
vious burn. Approximately 
fuel oil were squirted onto the 
kindling with pressure oilcan during 
the ignition period each burn. The 
cost fuel oil and kindling amounted 
$0.40 per ton charcoal. 

The kiln required constant tending 
during the first hour two after fir- 
ing, and was checked about 1-hour 
intervals during the next hours. 
soon the carbonization was 
judged complete, the kiln was 
sealed airtight. This 
volved tamping soil into the chimney 
outlets, and painting all joints the 
block door with slurry cement and 
lime. The sealing process was 2-hour 
job for one was usually neces- 
sary repaint most the joints 
the door second time, after the kiln 
had partially 

Checks the rate cooling were 
made once twice day during this 
period. The final test determine 


whether the charge was cold—the ad- 
mission limited amount air— 
usually involved hour two 
close observation. Removal the block 
door took two men less than half 
hour. 


Total labor time for this phase 
the operation averaged 3.53 manhours 
per ton, for cost $5.19. The cost 
fuel oil and kindling increased this 
$5.59 per ton, $2.21 per cord. 


Unloading Bulk Charcoal: Tests 
were made two methods remov- 
ing the bulk charcoal from the kiln. 
The first was manual; two men with 
scoops shovelled the charcoal into the 
box truck backed the kiln 
entrance. The second was mechanized 
and involved the same tractor used 
for cordwood loading. For charcoal 
handling, the fork attachment was re- 
placed large gravel manure 
scoop with gross capacity about 
bushels charcoal (200 pounds). 

The second was found the 
faster, cleaner, and cheaper method 
the two. With the tractor-scoop, the 
entire yield for one burn could un- 
loaded, either onto storage pile 
into the box truck, slightly less 
than 114 hours actual work time. 

two-man crew was used, with one 
man operating the tractor and the other 
assisting inside the kiln. 

Manual unloading required, the 
average, 1.98 manhours per ton 
cost $2.91 per ton $1.15 per cord. 

Tractor unloading required 0.96 
manhours and 0.48 tractor hours, per 
ton, for cost $2.01 per ton 
$0.80 per 


Total Cost Operation: The total 
cost charcoal manufacture 
kiln was $27.44 per ton $10.88 per 
cord wood burned, without raw 
material costs (Table 2). 

The final cost figure shown com- 
plete except for the cost kiln main- 
tenance. This item was 
cause the lack data which 
work was needed during the 14-burn 
test 


Summary and Conclusions 


The average ton 
duced this experimental operation 
cost $27.44 exclusive wood cost. 
This, plus the cost wood the 
minimum market price that could 
accepted the operation were 
break-even. The sale charcoal this 
price would provide return for 
profit and risk. would merely 
the direct cost for labor, equipment 
raw material, depreciation, and 
erty taxes, and yield earnings 
invested capital low, risk-free rate 

some instances, would 
for operation this type 
break even. This might true where 
the principal objective 
timber stand improvement 
areas where there market outle 
for small-diameter roundwood. Unde 
these conditions, operator might 
satisfied the manufacture non 
merchantable material into charcoal 
duced the cost necessary wood 
work economic level. 


Even assuming top selling price 
$55 ton for bulk charcoal, the oper 
ation the kiln the experimenta 
forest showed net loss cord 
The timber stand improvement cut 
the first 30-acre tract yielded 
cords merchantable material (saw 
154.5 cords chemical wood, which 
unmerchantable most areas. cost 
$13.90 cord produce the chem- 
ical wood and deliver the charcoal 
kiln site, for total cost $2,147.55. 
The carbonization this wood cost 
$1,680.96 for total cost $3,828.51. 
The sale the merchantable stump- 
age and charcoal yielded income 
$3,844.77 which gave profit 
$16.26 about $0.54 per acre for the 
job. 


the stand improvement job had 
been done without the manufacture 
charcoal from the nonmerchantable 
wood, the cost felling and lopping 
the nonmerchantable material would 
have been $6.50 per cord $1,004.25 
The returns from the sale merchant- 
able material would have the 
same. The cost the job under these 
conditions would have been $531.53 
$17.72 per acre. Therefore, the 
operation the kiln would make the 
timber stand improvement 
even when the market for charcoal 
$55 per ton (Table 3). 

The data collected this study 
make possible establish and dem- 
onstrate the relationship between 
three major variables: cost labor, 
selling price bulk charcoal, and 
maximum allowable wood cost (Fig. 
2). From this chart estimate 
allowable cost wood break even 
can made. 
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NW harcoal in a masonry block kiln as affected b arceal kil yerat ie 
: Nonmerchantable : Nonmerchantable 
Ite :wood used tor char-; 
Dollars Dollar 
A. Costs 
Cost of logging 2,147.55 1 004.25 
Firing, control, and 2) Cost of manu- 4 
sealing 5.59 2.21 facture 1,680.96 | 
Total cost 3,828.5 
| 
1) Stumpage sales .72 17 72 
($55 per ton) 
Total returns 3,844.77 472.7 
| 
C. Net profit on ; 
TSI operativ +26 7331.53 
Protit per - 17.7 
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Fig. 1—Panel Douglas-fir plywood, showing checking after 
years exposure the weather. Panel DF—2: Douglas-fir plywood, 
stress-relieved, than exposed the weather for years. Checks follow- 


ing the grain have been eliminated. 


MEANS FOR REDUCING THE 


Checking 


las-fir plywood has caused more 
concern the user than its tendency 
develop fissures, commonly called 
checks, after prolonged exposure the 
weather changes atmospheric 
humidity. matter how waterproof 
the adhesive, long the product 
develops such fissures when ex- 
posed the weather, will ac- 
cepted the building public for the 
outside buildings only with con- 
siderable misgiving. 

Years experience have shown that 
even the best painting schedules are 
safe guarantee against checking when 
Douglas-fir plywood subjected the 
punishment alternate rain and sun- 
shine. While the application several 
coats paint will greatly reduce the 
chance trouble from that source, 
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Checking Douglas-fir 
plywood can eliminated 


stress-relieving the 
face veneers. Also, checking 


more conspicuous 
plywood with the 
tight side out than with 


the loose side out. 


only overlays adequate thickness 
and strength can depended upon 
overcome checking completely, long 
Douglas-fir plywood continues 
made accordance with current prac- 
tice. also significant that gradual 
degrading this product due 
checking frequently takes place when 
the plywood used indoors where 
merely subjected changes at- 
mospheric humidity, and that even 
when painted, fissuring the finish 
rare occurrence. Means for reduc- 
ing such major liability product 
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Fig. 2—Painted gum plywood, exposed the weather for five years. 
The half each panel that was stress-relieved shows checking; the 
other half badly checked. 


that has many valuable properties 
therefore importance every 
plywood manufacturer. 


That the crevasses fissures the 
faces Douglas-fir plywood are the 
result shrinkage stresses course 
obvious, careful analysis such 
stresses must made checking 
understood. Relative the dia- 
meter fiber, the thickness face 
veneers high; commercial face ve- 
neers may hundred times thick 
the diameter fiber. 


All wood fibers contract with reduc- 
tion hygroscopic moisture. Such 
tendency the fibers near the glue 
line contract resisted the fibers 
the adjacent ply because the latter 
extend right angles those the 
face veneer. such resistance exists 
counter the shrinkage the fibers 
near the outer surface the veneer. 
the veneer were homogenous 
product and there were zones 
weakness the faces 3-ply panel, 
the fiber shrinkage would merely re- 
sult slight stretching the veneer 
with actual change surface di- 
mensions. The elastic stresses intro- 
duced might cause certain amount 
panel warping not symmetrically dis- 
tributed, but there would ten- 
sion failures revealed the form 
ruptures. 


GRAIN 


Fig. 3.—Diagram the Douglas-fir veneer 
sheets, showing the position the veneer 
squares used for the faces and backs the 
3-ply panels exposed changes atmos- 
humidity. and face and back, 
tight side out and stress-relieved. and 
face and back, tight side out, not stress- 
relieved. and face and back, loose side 
not stress-relieved. and face and 
back, loose side out, and stress-relieved. 


reality, seen under the micro- 
scope, the structure veneer highly 
complex and heterogeneous, and, 
addition the planes weakness es- 
tablished the medullary rays, there 
exist all rotary cut veneers the 
mechanically introduced 
caused the abrupt bending the 
veneer passes over the edge 
the lathe knife. The side the veneer 
opposite from the knife edge sub- 
jected compression the veneer 
curls away from the log the edge 
the knife, and the side that slides 
over the knife subjected tension. 
The curvature the curl sharp 
enough rupture the veneer 
closely spaced intervals that side. 
the resultant fractures are deep and 
numerous, the veneer said 
loosely cut. 


Veneer lathe operators have long 
entertained the opinion that they 
should cut the veneer that 
with minimum amount fractur- 
ing the under side, and they take 
pride what they call tight cutting. 
They and their associates the press 
well those charge quality 
control maintain that tight cutting and 
placing the veneer with the tight side 
out laying panels imperative 
for quality plywood, and that loose 
cutting conducive checking. 
face this commonly accepted opin- 
ion, would seem presumptuous 
question their contention, that 


Fig. 4.—A: tight side out and stress-relieved; tight side out and not stress-relieved; 


loose side out and not stress-relieved; 


now the universal practice laying 
veneers the press place them with 
the side 


The technician investigating prac- 
tice hallowed long usage must still 
entertain modicum doubt. Only 
evidence resulting from tests under 
controlled conditions can dispel such 
doubt. Tests recently completed the 
laboratory, indicate quite conclusively 
that the technicians small doubt 
garding the popular explanation for 
checking Douglas-fir plywood 
justifiable. would seem from these 
tests that the traditional viewpoint 
this subject, instead being entirely 
right may entirely wrong. Instead 
the veneers with the tight 
side out order reduce checking, 
this may exactly the wrong thing 
do, and the veneers should placed 
with the loose side out. 


The investigation reported herewith 
has been under way for many years. 
About years ago, the first appara- 
tus was built relieve shrinkage 
stresses the face veneers thick 
plywood, and accelerated tests were 
made compare the surface 
wood that had been stress-relieved with 
sections the same plywood not 
treated. Specimens Douglas-fir ply- 
wood treated this manner and un- 
top building down-town Chi- 
painted were placed the weather 


loose side out and stress-relieved. 


cago, where they were not only 
jected the punishment rain and 
sun but the grime and soot 
smoky atmosphere. The 
tion the slow attrition 
weather, the actinic rays the sun, 
and the alternate wetting and drying 
resulting many cycles expansion 
and shrinkage during years ex- 
posure shown the two panels 
exterior-grade 
without treatment. Panel 
similar panel that 
prior placement the weather. 
will noted the former that the 
face veneer badly fissured with 
Many conspicuous crevasses running 
with the grain the wood, whereas 
such crevassing developed the 
stress-relieved panel. The veneer the 
latter had been divided means 
parallel guillotine knife cuts 3/16 inch 
apart into narrow elements visibly sep- 
arated from each other. 


fibers are removed the process 
stress-relieving. The process con- 
sists simply dividing the veneer 
either before after bonding 
rapid process wedging into many 
narrow parallel strips lightly held to- 
gether. The fibers along the edge 
each strip are compressed, 
the bottom the groove are stressec 
tension across the grain the point 
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rupture. Patent applications were 
after the authors were thoroughly 
the efficacy the stress- 
treatment, and due course 
the major claims were allowed 
patents granted. With apparatus 
developed, now pos- 
nel passing through the ma- 
‘ne speed more than feet 
minute; other words fast 
panels can shoved into the ma- 
the panels can pass directly 
the sander the stress-reliever 
thout handling. 


Fig. shows two panels 3-ply 
gum plywood 5/16-inch 
which had been stress-relieved 
half its width wedging 
spaced apart. The 
half was not treated. Both panels 
were given standard paint finish for 
weather exposure, and were then 
placed the weather the test fence 
Chicago. The effect the weather 
after five years exposure shown 
the time placement there 
was evidence any checking. After 
the combined width the 
crevasses checks came about 
percent the case and per- 
with percent the unpainted Doug- 
las-fir panel Fig. after years 
exposure. The combined width the 
parallel fissures the paint each 
the grooves the stress-relieved area 
was about the same the combined 
width the checks the untreated 
area. There was cross-fissuring 
checking the elements, each 
which remained completely intact. 


would appear therefore that un- 
der the repeated expansion and con- 
traction the wood 
grooves the stress-relieved area, and 
between the checks the untreated 
reached which the working the 
wood the former was taken 
the free space between the elements 
and the latter the crevasses 
checks. Many the latter were 
wide the combined width 
wood fibers, assuming the average dia- 
meter the Douglas-fir fiber 
0.0015 inch, hence the use the 
term The same situation 
developed the case the gum ply- 
wood that had been painted. gap 
which the parallel elements could ex- 
pand freely was provided the paint 
the wedging grooves the stress- 
relieved areas, and gaps freedom 
were likewise provided the un- 
‘reated areas the check crevasses. 
latter were miscellaneous width 
ind length, however, and followed 
grain the wood miscellanous 
ngles and spacings. They gave the 


panel the typical appearance the 
badly checked panel much objected 
the building trade. 


Examination under magnification 
the cross-section the veneer 
crevasse indicates that the rupturing 
the veneer the surface will fol- 
low the plane medullary ray for 
short distance, and then strike off 
angle which approaches tangency 
the glue line approached. The width 
the gap narrows down the van- 
ishing point the glue line. The 
width the surface may large 
one-third the thickness 
veneer. 


Checking and Loose Cutting 


The observations made the check- 
ing panels exposed the weather 
for years prompted inves- 
tigation the phenomenon check- 
ing Douglas-fir plywood subjected 
only changes atmospheric humid- 
ity see there might some cor- 
relation between checking 
cutting the veneer. These tests led 
some very surprising results, may 
noted from the following descrip- 
tion the tests and from the photo- 
graphs the panels. 


Sheets rotary-cut Douglas-fir ve- 
thick, were obtained 
from two different manufacturers and 
these were allowed come equili- 
brium moisture the laboratory 
(about eight percent). Those that came 
from one manufacturer were marked 
and those from the other They 
were examined for quality peel and 
classified loose, medium tight. 
loose-peeled veneer, the lathe checks 
extended for about two-thirds the 
thickness the veneer, medium about 
one-half way in, and tight about one- 
third the way. The depth the lathe 
checks was determined the method 
used the laboratory the Douglas 
Fir Plywood Association and described 
sented before the Forest Products Re- 
search Society June 1955. stripe 
penetrating stain was brushed 
the loose side and beveled cut was 
made through the veneer the stain 
sanding. The depth penetration 
the stain the lathe checks could 
then readily seen. ring count 
determine the rate growth was made 
each sheet veneer with the fol- 
lowing results: 


Rings Quality 

Veneer Sheet No. per inch peel 
U-16__. 20 Loose 

U-18 Medium 
Tight 
Tight 


The position the face and back 
veneers and the method treatment 
may found Fig. from which 
may noted that the faces the 
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stress-relieved and not stress-relieved 
panels came from the same sheet 
veneer, and that they were end-to-end 
this sheet that the veneer struc- 
ture was identical. may also 
noted that the same applied the 
faces the panels which the loose 
side the veneer was out and those 
which the tight side was out: they 
came from the same sheet veneer, 
end-to-end each other. The panels 
shown the photographs were typical 
the panels made. The same re- 
sults were shown all the panels. 

After they were conditioned 
equilibrium, the panels were lightly 
sanded with vibrating sander. They 
were then painted with thin coat 
white paint applied with brush. This 
was done facilitate subsequent 
photographing, and had little effect 
rate moisture change. 

Preliminary tests made with large 
number cyclings from high low 
moisture content and back again 
showed that, the moisture content 
lowered below the equilibrium mois- 
necessary subject the panels one 
cycle obtain the same relative re- 
sults. The panels were therefore 
simultaneously humidified placing 
three layers wet toweling paper 
each panel and then stacking them to- 
gether overnight. the following 
day, the humdified panels were all 
simultaneously placed edge with 
adequate space between them large 
drying oven average temperature 
about 130° for hours. This 
brought their moisture content down 
less than four percent. 

After the panels were allowed 
condition for few days room con- 
ditions, they were photographed with 
the results shown Fig. The re- 
sults shown were the same for the 
other panels not photographed. They 
all showed clearly that: 


(a) Stress-relieving eliminates face 
veneer checking, irrespective 
whether the tight side the loose side 
out. 


(b) The checking the panels with 
the tight side out far more con- 
spicuous than for panels with the loose 
side out. 


(c) Within the limits the tests 
made, correlation could estab- 
lished between looseness cutting and 
checking. the panels tested, those 
made with the most tightly cut ve- 
checked the most conspicuously. 


(d) Within the limits the tests 
made, correlation could estab- 
lished between rate growth and 
checking. the panels tested, those 
made veneers slow-growth wood 
checked more conspicuously than those 


made fast-growth wood. 
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ig. 1.—Heartwood and sapwood cross section sal (shorea robusta). 
Notice the considerably stronger action the heartwood zone. 


the silver halide emulsion re- 
cording medium for optical images, 
several experiments were tried with 
wide variety materials determine 
whether not they could produce 
developable image without the action 
light. Moser (5)* observed that 
many non-metallic substances includ- 
ing chalk, marble, cotton, and feathers 
would affect graphic plate 
the dark and produce image. Niepce 
Saint Victor (9) reported that nit- 
rates and tartrates uranium produced 
blackening the photographic emul- 
sion. Colson (3) found that metallic 
zinc, cadmium and magnesium also ac- 
tivated the photographic plate without 
the assistance light. 

fairly extensive investigation 
the phenomenon was made Russel 
(10), who investigated the effects 
large variety diverse materials 
photographic emulsions, and recorded 
results interesting nature. One 
the materials tried Russel was 
wood. His preliminary investigations 
revealed that wood was able act 
photographic plate the dark and 
produce image, which appeared 
nomenon described photographic 
literature the Russel effect (4). 


attempt seems have been 
made Russel, far could 
gathered from the literature, fol- 
low this interesting property 
wood and study all its different 
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All species wood 
tested exhibited the Russel 
effect; i.e., they produced 

photographic image 
film without exposure 

light. Tests show 

unaided light, radio- 


activity, luminescence. 


aspects, Such study would undoubt- 
edly open fascinating field for ex- 
perimental investigation. 

study this phenomenon was 
undertaken the author the labo- 
ratories the College, 
Madras, and his findings have already 
appeared the scientific journals 
India and the United States (6, 7). 


fellowship offered the School 
Forestry The Pennsylvania State 
University made possible for the 
author continue this work 
laboratories their School. The pres- 
ent paper summary the results 
obtained the author based 
vestigations conducted India and 
this country. 


contributed paper, received March, 1959. 
Authorized for publication Feb. 1959, 
the Journal Series the Pennsylvania Agricul- 
tural Experiment Station paper number 2343. 


Fig. 2.—Cross section teak 
(tectona grandis). 


Observing the Russel Effect 

Russel effect was conducted 
digenous wood. After the arrival 
the author the United States, 
study was extended certain specie: 
popular and widely used 
woods. These studies revealed that 
wood all species investigated 
tive, and that the differences produced 
are reflected only the degree 
action exerted the 
plate. seems that the Russel effect 
property exhibited generally 
timber woods. 

observe this action wood, 
that necessary place the 
men the sensitized surface 
photographic plate total darkness 
and allow stand undisturbed for 
few hours. The plate thereafter de- 
veloped the usual way, and 
found that the specimen impresses 
the plate image itself; many 
cases, this image remarkably sharp 
and clear (Fig. through 6). 

That the application 
alone renders certain emulsions devel 
opable has been known since the 
work Warnerke 1881, and has 
quent investigators. While the investi 
gations Backstrom (1) the 
velopment latent image pres 
sure have shown that fairly high pres 
sures are necessary produce 
effect the plate, and 
effect pressure could 
ignored, was thought 


Numbers parentheses refer the Litera 
ture Cited the end this paper. 
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Fig. 3.—Cross section red oak 
(quercus sp.). 


this possibility altogether 
avoidance any pressure between the 
sensitized emulsion and the wood 
specimen. This was done supporting 
the specimen two thin narrow glass 
plates placed either end the emul- 
sion surface. Thus actual contact be- 
tween the specimen and the emulsion 
was (Fig. 7). exposure 
was made the usual way, and the 
plate processed exactly the same 
manner before. was found that 
image could obtained, 
though less sharp than the one ob- 
tained direct contact. 

Since the specimen and emulsion 
were not actual contact this case, 
there was question the effect 
the pressure exerted the specimen. 
The observed darkening therefore 
genuine case the Russel effect. 


can shown that this action 
wood intensified exposure sun- 
light. piece wood half exposed 
sunlight records, allowed react 
with photographic plate, 
that considerably darker the ex- 
posed regions (Fig. 8). The same 
true the specimen irradiated with 
ultra violet and infra red radiations. 
The effect ultra violet radiation 
increasing the activity much greater 
than that infra red. 

bility doubt that the Russel effect 
not case radioactivity. First, the 
action completely stopped thin 
sheet mica glass (Fig. 9). The 
action also not observed some 
the high-speed plates like the pan- 
The depression the activ- 
ity due presumably the presence 
the sensitizing dyes the high- 
emulsion (8). These dyes have 
effect screening the emulsion 
rom the action the wood. 
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Fig. (pseudotauga menziesii). 


well-known fact that least some 
the radioactive rays pass through glass 
and mica and affect all types plates, 
including the panchromatic. The 
sults obtained therefore not support 
the case for radioactivity. 


The last vestiges doubt regarding 
the radioactive nature the phenom- 
enon have recently been cleared 
two experiments conducted both 
India and the Physics and Forestry 
laboratories The Pennsylvania State 
University. the first experiment, 
wood specimen that was tested for 
photographic activity and found posi- 
tive was subjected thorough radio- 
active check with Geiger counter. 
After careful test, the wood was 
found give counts all, thus 
proving clearly the absence radio- 
activity the specimen. 

The second experiment consisted 
study the action wood nu- 
clear emulsions. The nuclear plate used 
for the experiment was the emul- 
sion manufactured Ilford Lon- 
emulsion for recording particles low 
ionizing power, including electrons. 
The wood was placed the emulsion 
and given exposure hours. 
The plate was developed carefully and 
strict compliance with the instruc- 
tions for its processing. 
study the plate under microscope 
failed detect the presence tracks 
characteristic nuclear particles. Be- 
yond isolated grains silver here and 
there, nuclear tracks were observed, 
thereby clearly confirming the absence 
radioactivity the specimen. 
photomicrograph the plate shown 
Fig. 10. photomicrograph an- 
other emulsion the same type ex- 
posed radioactive substance like 
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Fig. 5.—Paper birch (betula papyrifera). 


Fig. 6.—Sal (shorea robusta) supported 
glass plates distance from the 
sensitized surface the photographic plate. 
The image still imprinted, though less sharp. 


comparison. The latter shows the type 
tracks recorded certain nuclear 
particles (Fig. 11). The above experi- 
ments eliminate the possibility the 
phenomena being due radioactivity. 


Chemical Phenomenon 

There overwhelming evidence 
favor the conclusion that Russel 
effect purely chemical pheno- 
menon. The reasons for this 
summarized follows: 

1). The action not any way 
related the photographic speed 
the emulsion. While some the non- 
color sensitized plates show this pheno- 
menon fairly strongly, extremely 
feeble the case the orthochromatic 
and panchromatic plates. The sensitiz- 
ing dyes the emulsion seem 
responsible for the 
observed such high-speed plates. 
the phenomenon due light pho- 
tons radiations, difficult un- 
derstand why the effect not observed 
like the panchromatic, 

2). The action not stopped 
thick black paper used protect the 


plates from luminous effects inter- 


\ 
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Fig. 7.—Sal tangential section, illustrating the effect exposure 
sunlight. The exposed region (left half) considerably more active 


than the non-exposed region. The line demarcating the two regions 


can also clearly distinguished. 


Fig. 9.—Action wood nuclear emul- 
sions. The emulsion used was G-5 emulsion, 
manufactured London. The 
photomicrograph shows tracks that char- 
acterize radioactivity. 


Fig. pitchblende same 
emulsion. The exposed section shows 
the tracks nuclear particles. 


posed between the test specimen and 
the sensitive emulsion. The action 
found exerted through the paper, 
and Russel image still results. the 
phenomenon due light radiation, 
this observed fact inexplicable. The 
black paper that protects the plates 
from luminous effects should have pro- 
tected from the action wood 
well the latter were emitting lumin- 
ous radiations. 

3). The ability thin sheets 
glass and mica arrest this action 
indicates that the action not due 
light photons other radiations. 

4). The vaporographic nature 
the phenomenon seems clearly 
established. action observed 
when the wood covered with thin 


sheet mica, silver leaf, plastic, 
whereas filter paper inserted between 
the wood and the plate has practically 
effect stopping this action. The 
same true, though lesser ex- 
tent, the case thick black paper. 
The volatile substance substances 
diffuse through the pores the paper 
and reach the sensitized surface 
cause the reducing action. 

5). Some least the substances 
responsible for this action have already 
been isolated chromatographic tech- 
niques. 

experiment recently conducted 
lends overwhelming support the 
vaporographic nature the pheno- 
menon. Air from blower was passed 
through flask containing sawdust 
that was previously tested for activity. 
After circulation through the sawdust, 
the air was made pass through 
light-tight chamber containing photo- 
grahic plate. Passage the air through 
the chamber for few hours and its 
impact the sensitized surface the 
plate resulted the plate being 
fogged, revealed the considerable 
blackening development the re- 
gions exposed the air. 
graphic plate, half covered with thick 
sheets paper and cellophane and 
half exposed air, showed blacken- 
ing only the exposed regions; the 
blackening was due the impact 
air rendered active passage through 
sawdust. 

The inflowing air was tested fit- 
ting similar light-proof chamber 
containing photographic plate the 
path the air before entered the 
flask containing the sawdust make 
sure the incoming air was not sensi- 
tive. was found that the plate was 
practically unaffected the action 
the income air. therefore clear 
that the fogging action due the 
volatile material carried the air 
stream reacting with the photographic 
emulsion. 


Potassium permanganate 


Fig. 8.—Sal supported two extremely thin glass plates eith 
end. Notice the masking action the glass plates. 


placed the path the air strea 
was found decolorize after 
hours. This demonstrates clearly 
reducing property the volatile 
rial. 

These results prove that the 
luminescence observed Tieman 
(11), and reported the 
(2). experimental evidence, this 
hypothesis untenable. The 
exerted wood photo 
genuine chemical phenomenon 
aided any way light photons 
luminescence, residual otherwise. 

The true nature this 
and the mechanism the reactions 
that take place are still being inves 
tigated, detailed paper will pre- 
sented this subject soon the 
investigations are completed. 
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FOR NEW WOOD INDUSTRIES: 


The Lake 


States Forest Resource: 


States Forest Experiment 
St. Paul, Minn. 


The Lake States area has 
over million forested 
acres. The increment 
rate 1,200 million cubic 
feet 


than half used. Intensive 


forest management would 
provide the base for 
multi-billion industry. 


ORIGINAL FOREST the three 

Lake States probably covered 
excess 100 million® the 123 
lion acres land area. This vast area 
high-quality mature timber may rea- 
sonably supposed have exerted 
tremendous influence all phases 
life these states and throughout the 
Midwest. Seldom the national lum- 
ber-producing history 
availability, and facilities for produc- 
tion been combined more favorable 
circumstances than existed the har- 
vest the original Lake States forests. 
these many favorable factors, none 
more important than the vast area 
that makes the northern coniferous 
forest type. 

The tree that gave character and dis- 
tinction the northern forest and cap- 
tured men’s imagination was the white 
pine, which yielded wood superb 
quality, often more 
than million board-feet and single 
acres excess 100,000 board-feet. 
Many other valuable tree species and 
occupied the original forest, in- 
cluding red pine, spruce, and fir among 
the conifers, and oak, maple, birch, 
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Fig. from the second thinning red pine plantation. 


basswood, and other species the 
hardwood types. 


More than million acres are now 
still classed commercial forest land. 
but appreciable acearge remains 
the essentially mature pine forest that 
characterized much the area; and 
probably not over few hundred thou- 
sand acres—a million acres most— 
hardwood type are typical the 
original high-quality forest. Second 
growth hardwoods and aspen ac- 
ceptable stocking now occupy mil- 
lion acres, second-growth conifers 
million acres, and sawtimber stands 
hardwoods and conifers about 
million This leaves million 
acres the poorly stocked and non- 
stocked class, vast amount good 
land. Its main utility the moment 
complete the earth’s surface. 

The first major industry the Lake 
States was concerned with 
vesting and processing the products 
the virgin forests. Not only were 
these products used effectively home, 
but they also contributed heavily the 
settlement and building neighbor- 
ing and more distant states less favor- 
ably endowed with natural forest 

FPRS, August 21-22, 1958, 
Houghton, Mich. 

partment Agriculture, cooperation with the 
University of Minnesota. 

total 103,680,000 acres, according 
Raphael Zon and Sparhawk 


Resources the Vol. 1923. New 
York. 
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growth. Much the lumber and many 
the poles, railroad ties, and other 
forest products needed developing 
these areas came from Lake States for- 
ests. However necessary this harvest 
was—and neither knowledge nor inter- 
est better harvesting methods existed 
ously destructive handling the 
northern forest resource. High-quality 
pine and hardwood forests such 
were cut have not been re-established 
maintained except limited areas. 
fact, even during the period 
53, brushland increased 700,000 acres 
Minnesota alone, while the area 
pine forest decreased 
and that black spruce 300,000 acres. 

This brief historical and forest re- 
source note sounded for purpose, 
and that point out the produc- 
tiveness these original forest lands 
and contrast this, but briefly, with 
the potential productivity 
lands both quantity and quality 
timber products under intensive forest 
production objectives. 

There are precise data the 
volume timber the original for- 
ests the Lake States, but know 
that, for all practical purposes, the har- 
vest the original forest was largely 
completed the decade that ended 
1929. the years from 1859 
N., and Survey Lake 
States Timber Resource. U. S. Forest Serv., 


Lake States Forest Expt. Sta., Sta. Paper 37. 
1956. 
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1929, the tremendous volume nearly 
400 billion board-feet lumber pro- 
duction was reported from the Lake 
seems reasonable assume 
that probably less than half the total 
cubic volume the original forest ever 
got the sawmill and was duly re- 
ported Bureau Census data. 
say that the original forest con- 
tained 1,000 billion board-feet tim- 
ber, its equivalent cubic volume, 
would very likely understating 
the true amount. 

Also, assumed that this total 
volume could have been accumulated 
200 years (perhaps optimistic as- 
sumption considering the vicissitudes 
nature’s way) this would have been 
average volume production rate 
billion board-feet annually net 
increment board-feet annually. 


There substantial evidence sup- 
port the premise that forest production 
under intensive management and silvi- 
cultural practice can much greater 
than existed the original forests. 
Examples demonstrating this point are 
available many research plots that 
have now been established and remeas- 
ured for period time 
produce definite data results 
various treatments. 


One such case red pine planta- 
tion established 1900 near Grand 
Rapids, Minn., where 
measurements have been made 
year intervals starting 
Periodic annual growth rates these 
plots for the two decades since 1935 
have averaged 2.3 cords about 1,000 
board-feet (Scribner Decimal log 
scale) per acre per year. This 
excellent rate production, even 
though the planting site classified 
only good average for red pine. 
These volumes (30 per 
acre years) greatly exceed those 
shown yield tables (8.7 
feet) for unmanaged fully stocked nat- 
ural stands red pine good sites, 
and indicate some the potential that 
can realized with intensive forest 
management. This comparison shows 
that the natural, unmanaged forest re- 
quires longer periods time attain 
tion while 
tion and suppression—provide grow- 
ing space through elimination weak 
and inferior specimens. 

Forest management practices and 
care plantations have been devel- 
oped for pine over the last years. 


United States, 1799-1946. Dept. Agr. Misc. 
Pub. 669, illus. 1948. 

Allison, Growth planted Norway 
(red) pine northern Minnesota. Univ. Minn., 
Minn. Forestry Note 34, 1954. 

7 Allison, J. H., and Cole, C. L. Growth of 
60-year-old Norway (red) pine plantation trees 
northern Minnesota. Univ. Minn., Minn. For- 
estry Note 49, 1956. 


The higher timber yields and higher 
financial returns possible under inten- 
sive management are will illustrated 
data recently compiled for one test 
area. 

1937, this red pine plantation 
was established northern Minnesota 
site prepared cutting the low- 
quality hardwoods (mostly aspen and 
white birch) and thorough disking 
the area. Despite this complete ground 
preparation, the young stand required 
weeding (removal overtopping and 
competing brush) during the years 
after was planted. 


Thinnings 1951 and the spring 
1956 removed total cords 
pulpwood, posts, and stakes per acre 
and left stand cords 3-inch 
top the best trees (750) for added 
growth (Fig. 1). Thus, after grow- 
ing seasons, this plantation with recom- 
mended treatment has grown rate 
approximately 165 cubic feet per 
acre per year. 


The gross product value 
growth Minnesota’s economy, 
converted into pulp and paper prod- 
ucts Minnesota 1957 average 
gross product value f.o.b. mill ($1.80 
per cubic would $297 per 
acre per Tremendous industrial 
expansion pulp and paper manufac- 
turing facilities would required 
the Lake States utilize this full 
potential the million acres 
poorly stocked and nonstocked for- 
est land were brought under manage- 
ment equally intensive basis. 

The 20-year experimental results 
partial cuttings for continuous produc- 
tion northern hardwoods (Fig. 
the Upper Peninsula Experimental 
Forest were reported Eyre and Zill- 
1953. They showed that north- 
ern hardwoods, when cut stocking 
levels square feet basal area 
trees 4.6 inches d.b.h. and larger, 
had average periodic annual growth 
about cubic feet such trees. 
This assumes stocking approxi- 
mately square feet trees 4.6 
9.5 inches d.b.h. and square feet 
trees 9.6 inches d.b.h. and up. The 
cubic feet growth 
volume increment main stem, top, 
and branches 4-inch top diameter, 
inside bark. The classes growth 
were follows: 


Cubic 
feet Percent 
Growth in trees 4.6 to 9.5 inches 14 ‘ef 
Growth in net log volume 35 41 
Growth tops and limbs 
Growth in sound wood of cull trees 6 7 
Total 100 


Minnesota. Estimated value forest products 
harvested Minnesota. 1957. 

cuttings northern hardwoods, 20-year experi- 
mental results. Dept. Agr. Tech. Bul. 
1076, illus. 1953. 


The board volume typical 
northern hardwood stand cut this 
level (85 square feet) would ap- 
proximately 5,500 board-feet per 
this basis, considerably less than 
half (41 percent, 245 board-feet) 
the total cubic-foot volume growth 
develops into sawlog material. Thus, 
substantial volumes material must 
find other than sawlog markets. 


The history the early lumber in- 
dustry the Lake States familiar 
many. Two items 
nificance are recorded about the time 
lumber production really started 
counting the advent Paul 
the local scene. First, the period 
maximum lumber production coincide 
with the time rapid settlement 
the expansion industry and agricu 
ture into the Midwest. Second, the 
tical and efficient converter logs int 
lumber made possible produce 
vast quantity lumber needed 
supply the demand. The first succes: 
ful prototype bandmill 
1887, and within years severa 
were installed Lake States mills. 
peak lumber production was 
the Lake States less tha: 
years later, and the peak 
tional production (1906) less than 
years later. 


Present Resource and Industry 


The declining years the harvest 
ing the Lake States’ original forests 
saw the rise new but vigorous 
pulp and paper industry geared new 
type and quality wood supply. Proc- 
esses for papermaking evolved from 
rags, straw, and manila stock wood 
series developments that started 
commercially the United States 
about 1855 with the soda process, fol- 
short time sulfite and 
groundwood pulps. Not until after 
1900 did the sulfate process come into 
use. These changes came about, 
doubt, answer pressures for 
velopment more adequate, lowe: 
cost, and better raw material sources. 


Historically, the 
and paper industry has 
lumber industry into new areas for 
velopment. the past this has 
due largely the greater mobility 
the lumber industry and, lesse 
degree, dependence the pulp 
paper industry upon the lumber 
dustry for low-cost raw material. 


Often the opening are. 
with large volume raw materia 
not highly prized for use lumber 
been the incentive for development 
extensive pulp and paper installations 
Such was undoubtedly the situation 
the Lake States, where large areas anc 
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volumes spruce, balsam, and other 
woods suitable for ground- 
and sulfite pulping were avail- 
midwest market. Minne- 
for example, the 60-year period 
the beginning the pulp and 
industry 1898, has increased 
wood usage the very substantial 
ure 862,000 cords annually and 
gross product value 143 million 
19578. Present Lake States 
and paper-making capacity 
contained pulp and paper mills, 
additional mills produce paper 
only. 

the years since the develop- 
the first successful 
the character the lumber industry 
changed almost beyond the recog- 
nition early-day lumberman. 
type and size mill, the industry has 
come full circle the past hundred 
now essentially small cir- 
cular-mill industry, contrast 
years ago when the large bandmill 
dominated production, with single 
mill installation having many 
five bandmills. There are probably not 
more than locations the Lake 
States where bandmills are still 
operation, and only locations have 
more bandmills. The number 
small and large circular mills uncer- 
tain, but probably there are about 
5,000 the three states. Lumber pro- 
duction during the first half the 
past 100-year period estimated 
350 billion board-feet, and during the 
last years billion board-feet. 


Lumber averaged about 
billion board-feet annually during 
1935—44. climbed during and after 
World War 1-1/3 billion board- 
feet 1948, but the trend has been 
downward since then, and production 
was approximately billion board-feet 
1957; 1958 production not likely 
exceed that figure. 


The Lake States region highly 
diversified primary secondary 
wood production and manufacturing 
all wood production from 
growing stock reduced standard 
cords (128 cubic feet), major uses 
such lumber and veneer account for 
2.6 million cords, percent 
total wood production, and pulpwood 
2.2 million cords, percent. Mis- 
cellaneous uses such poles, 
piling, minetimbers, chemical wood, 
and fuelwood account for 1.9 million 
cords, the remaining 
alone, surprisingly enough, 
still makes 1.3 million cords 
nearly percent the total wood 
production, did 1952, the year 
which these data are taken. 


Horn, Arthur record the timber cut 

forests the Lake States, 1954. 
rest Lake States Forest Expt. Sta., Sta. 
per 53, illus. 1957. 


Fig. old-growth northern hardwood stand years after moderate partial cutting. 


number highly significant hap- 
penings have taken place during the 
time span shall call the 
Possibly the first, and certainly one 
the most important, the changing 
concept land use. All land not 
agricultural land, and, furthermore, 
some might not required for 
agricultural crops for long time, even 
ity. becoming equally clear that 
forest land can made produce 
crop, and that, under some circum- 
stances, may more profitable 
crop for the land and the general 
economy than agricultural crops. 


The development public aids 
forest resource improvement has been 
substantial and noteworthy during the 
Forest protection from 
fire, insects, and disease through co- 
operative public and private action has 
been particularly effective further- 
ing the concept and practicality for- 
ests crop. the Lake States, this 
has been one the key factors the 
present forward look management 
forests and woodlands. 


The transition forest land from 
wild, unmanaged, and often aban- 
doned state that owned, con- 
trolled, and protected condition was 
not effected the Lake States with- 
out upheavals the economic, tax- 
ing, and ownership status much 
the land. The resulting pattern 
substantial public ownership helps 
establish very stable and economically 
sound situation for the future the 
lands themselves, and for industries 


sources for America’s future. Forest Resource 
Rpt 14. 1958. 
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interested forest raw material for 
processing. 

equally 
recent years has been the acquisition 
private capital forest land for 
timber production, and the placement 
these lands under management prac- 
tices designed improve their produc- 
tivity. 

The general manner which 
ownership the forest land resource 
has taken shape illustrated these 
classifications: 


Acres Percent 


Ownership class owned of total 
(million) 
Federal or trusteeship 7.5 14 
State, county, and municipal 14.0 26 
Private 31.8 60 
Total 53.3 100 


Nearly half the private forest 
land (15.2 million acres) farms, 
and held approximately 370,000 
owners. Interesting also the fact that 
about 120,000 other private owners 
(forest land held not connection 
with farm) hold 13.6 million acres. 
Wood industry holdings 
sented approximately 800 owners 
with million acres. 

The condition the present forest 
ownerships is: 


Net vol. Net vol. live 
Ownership growing stock sawtimber 
Million Million 
cu.ft. bd.-ft. 
Federal or trustee- 
State, county, 
Private: 
Industrial and 
other 8,374 33 17,510 35 


. Total 5,218 100 49,790 100 


te 
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developing this paper, infor- 
mation could located the gross 
product value assign wood pro- 
tured consumer state, f.o.b. the 
processing plant. such figure could 
developed, this would the true 
present value forest production, and 
the value the forest resource the 
area, state, and region where the pro- 
duction and processing the wood 
took place. 


For want data along this line, 
data have been developed that are rea- 
sonable and verifiable within sensible 
limits. The 1952 production figures 
cords given above, when converted 
solid wood cubic-foot totals 
cubic feet per cord and combined 
somewhat, give these totals: 


Million 

cubic feet 
Saw and veneer logs_ 209 
Fuelwood and chemical wood »; 104 
Roundwood products 45 
Total 537 


Undoubtedly some changes have 
taken place the proportions the 
various Categories raw material, but 
believed that these are compensat- 
ing some extent, and the total pro- 
duction 537 million cubic feet 
realistic for the Lake States region 
today. 

further analysis, the $1.80 per 
cubic foot previously indicated for the 
gross product value pulpwood, 
when converted paper products 
Minnesota, may have reasonable appli- 
cation the total cubic-foot production 
volume the Lake States. For exam- 
ple, the ultimate value lumber and 
veneer this basis (143 cubic feet per 
thousand board-feet; $1.80 per cubic 
foot) would approximately $250 
figure; treated posts the rate 
cents each for 3-inch post and 2.94 
posts per cubic foot have value 
$1.74 per cubic foot, with poles and 
piling probably showing 
ably higher value. 

this gross product value $1.80 
per cubic foot reasonably applicable, 
the region’s current wood production 
about 537 million cubic feet would 
have economic value nearly 
billion (967 million) dollars. 

this point, the question might 
well raised how present pro- 
duction compares with present poten- 
tial for sustained production. The 
present growing stock base 
mated 315 million cords, net annual 


growth 14.75 million cords, and 
production from growing stock 6.75 
million cords. Growth this basis 
nearly 4.7 percent, but production 
only about 2.1 percent growing- 
stock base. The ratio net annual in- 
crement production from growing 
cubic-foot this is: 


Annual growth of: 1180 million cu. ft. 
Annual production of: 537 million cu. ft. 


With forests their present con- 
dition and under current management 
practices the Lake States, inevit- 
able that much present growth 
immature second-growth stands and 
cull material. Forest improvement cut- 
ting must done vast areas this 
class land quality and quantity 
land’s capability. Harvesting and proc- 
essing our present forest growth, much 
which would this type cut- 
ting, would raise present economic 
realization more than billion dol- 
lars. this basis, vigorous efforts 
should made move more the 
lower quality material into some pro- 
ductive and economic use. 


The Future Resource and Industry 


The future any length time 
condition that remains expe- 
nent tomorrow and distant 
eternity. Foresters and forest industry 
people have manage some way 
see into this impenetrable condition 
they expect stay business. 


Many those who have worked 
closely with the forest land resource 
the Lake States are convinced that the 
potential productiveness these lands 
under intensive forest production ob- 
jectives much greater, both qual- 
ity and quantity timber, than now 
being realized. Examples supporting 
such convictions have been outlined 
briefly, and many more could de- 
veloped. 

What does intensive forest manage- 
ment mean, and how accom- 
plished? means harvesting present 
stands good-quality timber 
both quality and quantity growth. 
means establishing and growing 
stands high-quality trees adapted 
each site all forest lands. means 
tree planting other regeneration 
measures million acres (28 per- 
cent our commercial forest land) 


now supporting only brush nonmer- 
chantable trees. means tending tim- 
ber crop preparing the ground 
for tree planting; keeping trees free 
from competing 
brush; thinning and pruning under 
certain conditions improve quantity 
and quality timber growth; 
ing timber from fire, insects, 
and other serious forms 
and utilizing the full annual produc- 
tion timber that should 
vested. means managing the land 
that resources wildlife, recreatio: 
and watershed value are enhance 
rather than depreciated. 


omy based 1958 dollar values 
established the Lake States 
gion. The potential economic 
value wood not now being 
est land acres growth rate 
cubic feet per acre per year woul 
be, processed the region, 
1.3 billion dollars converted 
pulp and paper products 1958 
(750 million cubic feet $1.80 
cubic foot equals 1,350 million 
lars). 

Not only can the forest resource 
restored top productivity, but pres- 
ent-day long-range forecasts predict 
continuing and expanding market for 
all products from the forest, 
its resources wildlife, recreation, 
and Three independent 
wood-demand trends indi- 
cate 80- 100-percent increase 
this country’s use pulp and paper 
products the period from the early 
1975, and substantial in- 
creased demand all other products. 
Consumption has exceeded these fore- 
casts every year date. Wildlife, 
recreation, and water-use demands con- 
tinue ever-increasing rate. Inten- 
sive future use all natural resources 
will require intensive management 
increase and maintain high rate 
productivity. 


Intensive management biolog- 
ical resource such forest requires 
sound foundation basic and applie:! 
knowledge applicable within the 
fines and environment the 
Scientific research required 
op, analyze, and make available 
knowledge. American agriculture, 
developing and applying the results 
scientific research production 
utilization, has become highly produc- 
tive. The same basic principles can 
and are being used develop the for- 
est resource. remains only 
nize the magnitude the job ahead 
this field and organize for it. 


Stanford Research Institute study (1954) 
Weyerhaeuser Timber Co.; President’s Materia 
Policy Commission Report June 1952; 
Timber Resource Review (1955), Dep 
Agr., Forest Serv. 
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BARK 


Thomas Robert. Availability 
nitrogen ammoniated bark used 
soil amendment. Ph.D. Thesis. Oregon 
ite Col., 1959. 114 [Microfilm] Dis- 
Abstr. 19, no. 12: (June, 
Lots Douglas-fir bark were extd. and 
ch. trd. remove waxes, tannins, and 
fractions. The residues were then 
give prods. contg. differ- 
nitrogen levels. These various bark 
were then evaluated for efficacy 
soil improvers chem. analysis and 
udies soil respiration, ammonifica- 
tion, nitrification, and soil aggregation. 
Some the results these studies are 
discussed. 


Standards Wood, Wood-Base Mate- 
rials and Wood Preservatives. (American 
Society for Testing Materials, 1916 Race 
Philadelphia Pa., 1959, 456 pp, 
$5.50) 

This compilation supersedes the 1954 
edition and contains standards 
which have been revised, have had 
their status changed are new. Included 
are methods for establishing structural 
grades for wood and timbers, evaluating 
wood, methods chemical analysis, fire 
tests, tests for panels for building con- 
struction, truss assembles, glued joints and 
general test methods. addition wood 
the compilation also covers veneers, ply- 
wood, fiber building boards, timber and 
The volume also 


HOME BUILDING 


Discussion Wood Products Home 
Building. (Edited William Scheick, 
Timber Engineering Co., St., 
N.W., Washington C., 1959, 187 
pp, free) 

This verbatim transcript two- 
day Wood Industry Product Planning 
Conference held Washington 
March. was sponsored Natl. Lumber 
Manufacturers Assn., TECO and the Natl. 
Assn. Home Builders get the views 
architects and builders how wood 
might capture greater share the 
housing market. Key proposals call for 
the lumber manufacturers expand and 

celerate their research to: improve 
methods component construction; 
make available more pre-cut, 
re-packaged and pre-finished wood items, 
help builders conserve mate- 

ils through more precise engineering 
use the same material for both 

ructural and finish purposes. 


PULPWOOD 


Reid, Pine pulpwood storage— 
effect pulping properties. Appita 13, 
no. 41-8; discn.: 55-7 (July, 1959); 
cf. abstr. no. 1693. 

Mixed billets radiata pulpwood 
from trees yr. old grown Myora 
(South Australia) were stacked under vari- 
ous conditions. Aliquots were pulped the 
months, and the pulps were tested for 
changes strength props., indicated 
the tear factor specifically chosen burst 
value. Beater runs were made Lampen 
mill and preferably Milne beater, the 
latter appearing more sensitive ranking 
high-grade pulps. After normal storage for 
12-15 months, the loss pulp strength 
was ca. 35%, and the loss wood wt. 
ranged from for the largest 21% 
for the smallest billets. Wood dropped 
slightly. Different storage methods, 
fungicide spraying, had marked effect 
these results. Close stacking and under- 
water storage retarded the losses slightly. 
Initial barking, which was preferrable for 
sometimes accelerated 
the initia! losses wood substance and 
pulp strength, but gave appreciable freight 
savings. Wood stored for prolonged periods 
time probably consumes more alkali 
reach the same degree cooking (deligni- 
however, debarks more readily, 
reduces frothing troubles, and causes 
interruptions pulp-mill operations. 
30:3] 


CHIPPERS 


Stolpe, Nils. Water-borne chipping sta- 
tion. Finnish Paper and Timber 10, no. 
36-7 (1959). 

order permit the economical use 
small thinnings forests accessible 
primarily water. Kaukas AB. has 
established mobile water-borne wood- 
processing station Lake Saimaa, Fin- 
land. The station comprises barge 
mounting barker and chipper, together 
with suitable conveying means, storage 
barge for bark and waste, storage barge 
for chips for pulping, and 
for the crew. 30:3] 


Watson, Influence wood stor- 
age pulping and papermaking proper- 
Appita 13, no. discn., 
(July, 1959); cf. abstr. no. 1690. 

Kraft pulps made from freshly cut and 
from variously stored wood 
diata (1) and Eucalyptus regnans were 
compared. Only slight changes pulping 
and pmkg. props. occurred chips 
stored for months room temp. 
changes occurred chips stored a.d. 
for months ovendried for hr. 
105°C. immediately before being pulped. 
However, underwater storage room 
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temp. for months adversely affected some 
pulp props., such breaking length and 
burst factor. Neither freshly felled 
nor freshly felled spruce produced kraft 
pulps with exceptional folding endurance, 
contrast the unusually high folding 
endurance reported Jayme, Kohler, and 
Haas (cf. 27: 810) for kraft 


METHODS 


Modern Trends Documentation. (By 
Dr. Martha Boaz, Pergamon Press, Inc., 
122 55th New York 22, 
1959, 101 pp, $5) 

This symposium, sponsored 
School Library Science, Univ. 
Southern California, may well prove 
essential reading for 
cerned with university, industrial 
search laboratory libraries. Participants, 
all interested the problem informa- 
tion retrieval, describe the evolution 
new technology employing mechanized 
systems for searching, correlating and 
synthesizing the mounting flood pub- 
lished materials. Mechanical translation 
automatic computers and languages data 
processing, automatic encoding and data 
retrieval microfilm, magnacard and 
mimicard, are described. 


Basic Research Industry, (by 
Fisher, Science, June 1959, 
1657). 


Here are the results statistical 
study the National Science Founda- 
tion basic research carried in- 
dustry the Fifty-nine companies 
that publish more basic research 
publications year are listed with 
breakdown industries publications, 
costs and scientists employed. 


PRESERVATIVES 


Advancements Wood Preservatives, 
(By Joseph Burch and Glen Fuller. 
reprint from the Technical Re- 
view, April 1959, The Battelle Memorial 
Institute, Columbus Ohio, pp, free) 


The protection wood against de- 
structive biological attack continuing 
battle for scientists. The authors here re- 
view present evaluation methods, discuss 
improved techniques now under develop- 
ment, and point out some possible ap- 
proaches wood preservation. 


New Test for Wood Preservatives 
Based Measurements Deflection. (by 
Tomas Mateus, Technical Paper No. 
124, National Laboratory Civil Engi- 
neering, Ministry Public Works, Lis- 
bon, Portugal, 1958, English, 
price shown) 


The author outlines procedure which 
uses the yardstick for the extent 
wood decay the amount deflection un- 
dergone small test beam subjected 
load known magnitude. This 
differs from the method commonly 
adopted based the loss weight 
test blocks exposed fungus attack and 
impregnated with the preservative. Since 
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testing, the author believes provides 
means following the progress the 
fungus attack, and consequently, col- 
lecting information the effectiveness 
the preservative tested. 


PROPERTIES 


Dadswell, E., Watson, and 
Nicholls, What are the wood 
properties required the paper indus- 
try the trees the future? Tappi 42, 
no. 521-6 (July, 1959). 

The effects cell length, cell-wall 
thickness, pentosan content, and lignin 
content the pmkg. props. wood have 
been detd. separately keeping other 
factors const. this way, the marked in- 
crease tearing strength pulps with 
increasing cell length has 
lished; the effect cell-wall thickness 
strength props. other than tear has been con- 
firmed for pulps from three Eucalyptus sp. 
having identical ay. cell lengths; wide 
range pentosan content 
hardwood pulps can tolerated without 
loss pulp strength, although pulp yield 
reduced the lower pentosan values: 
complete elimination lignin desirable 
for best pulp strength. The cellu- 
lose content the softwoods 
woods investigated was shown increase 
through successive growth rings 
pith, reaching more less const. value 
after 6-8 yr., but vary markedly (up 
10% comparable matl. from different 
trees species. These findings re-empha- 
size the importance cell length (which 
correlated with cellulose content) and 
basis (which good index cell- 
wall thickness) characs. that must 
taken into account breeding trees for the 
paper industry. method detg. wood 
props. those trees selected foresters 
possible parents outlined, and examples 
are given the way each tree can as- 
sessed relation the av. and extremes 
for the species. 30:3] 
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Airport 
Box 3722FP, Memphis, Tenn. 
details Wilco Refuse Burner to: 


Microscopic Resolution Strands 
Fibers Suspending the Torus the Bor- 
dered Pits Softwoods. (A. 
ling, Muhlethaler, and Boss- 
hard. Holz—Forschung und Holz Verwer- 
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WEYERHAEUSER COMPANY’S 
newest plywood plant, another 
Washington press installation 


is 


ENGINEERS: Weyerhaeuser Company 
Softwood PLYWOOD 


‘The Weyerhaeuser Company full scale operation their newest and 
modern plywood plant. 


For this plywood plant, key high production the Washington- 
and built pressing stage equipment consisting elevator-type 
icharger, 30-opening multi-platen hot plate press and unloader-stacker. 


The press, designed, engineered and built match Weyerhaeuser’s 
for this plant, incorporates new, patented simultaneous 
counter-balancing system. This effective, simplified system speeds 
the closing cycle one-third the time conventional presses and 


Pthirry $ : the curing cycle. The lowered charger is in the foreground. In the 
C thirty panels in each load at all times. small photo is a close-up of the exclusive counterbalancing system 


in the fully closed position. The pantagraph mechanism on both 

ashington presses and accessory equipment units are designed and sides the press assures even pressures all platens during the 

meet individual plant and process requirements. For complete 
write Washington Iron Works, 1500 Sixth Avenue South, 


Washington. 
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HERE 


used Reichhold urea-formaldehyde resin our plywood department for the past 
years, and our particle board department more recently. Reichhold has always supplied with 
consistently uniform, high quality Minter, Chief Engineer, American Furniture 
Company, Martinsville, VirginiaeReichhold also gives fast delivery full line urea- 
formaldehyde, phenol-formaldehyde, polyvinyl acetate and resorcinol adhesives (plus 
glues) the forest and furniture industries. 
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